




M0I)1:KN AVIy\Tl()N liNGINES 

VOLUAfK TWO 



The U. S. Amy **Queetion Harlc^ In Flifht Showing Srgt Hoey Climbing Out on a 
Cet Walk to Make Minor Adjuetment to Outboard Engine While on Record-Breaking 
Endurance Flight The Crew of the '*Queotion Mark"* Shown Below^ Reading from 
Left to Right^Mtior Spate, Captain Eaker. Lieut Halveraon, Lieut. Queeadi and 

Srgt Hocy. 




MODERN. 
AVIATION ENGINES 


DESIGN— 


CONgTRU?:TION—OPERATION 
AND REPAIR 


A COMPLETE. PRACTICAL TREATISE OUTLINING CLEARLY 
THE ELEMENTS OP INTERNAL COMBUSTION BNGINBBRINC 
WITH SPECIAL REFERENCE TO THE DESIGN. CONSTRUC* 
TION. OPERATION AND REPAIR OP AIRPLANE POWER- 
PLANTS; ALSO THE AUXILIARY ENGINE SYSTEMS. SUCK 
AS LUBRICATION. CARBURETION. IGNITION AND COOLING 

It Includes Complete Inttnictiont for Engine Repairing and Systematic 
Location of Troubles. Tool Equipment and Use of Toots, also Outlines 

the Latest Mschanical Processes 


IN TWO VOLUMliS 




Major VICTOR W. PAGli. U. S. Air Cdrvs Rksrrvk 

nf rif AulunioliM* 1t><* 

Cb]«f nneln«e^1»S Aliriuil Cnrt» AviRllAn Arhrxil. 

iJk. L t. L^t« rh»«f Arroiuulic.il KfifinMr. IM Avlalltm Jnutrvclloa 

A 1C Ki.m*** 

Author 9t Moilrm Airciolt. BvotylMdr** Avi«(loa Osidi, He. 





Describes Many Typical Americsn and European Engines and Their In¬ 
stallation. Contains Valuable Instructions for all Aviation Students. Pilots, 
Mechanicians, Flying Field Engineering Officers and All Interested in 
the Design. Construction and Upkeep of Airplane Po werplants . 

VOLUME TWO 


VOLUME TWO 

(ii i' 

NEW YORK t ; 

THE NORMAN W. HENLEY I'UllLlsmNVcqMR^jJV/ 

2 WEST 4Sih STREET 


1922 


^T(>SJ fit 'tin }I.M MRATIONS JN TIM l)< MIK 
''I'rx lAP I.V MAT>K nv IHE 1*1 tUl.jH 
usi'., WITH CM ‘T rr.R MISSION. IS STHK*TLY 



IfAVE IIPTN 
ANI> 1 II KIM 
l'Hl>inniTKt> 


PRfNTKn IN X'NTTKD STATKS OF AMERICA 



PREFACE 


In presenting ihis treatise on *‘M(Klern Aviation Engines ” the writer 
realizes that the rapidly <levAt»^4jrg art makes it difficult to outline all 
latest forms or desrnlK* all curreiU enginceriug practice. This exposition 
has been prepared primarily (or instruction pur|>i>ses and is adapted for 
students who wish to become aviators or aviation mechanicians, and 
for mechanics in other lines who wish to enter the aviation industry 
as experienced aviati^m engine mainteiinure and repair men. Every effort 
has been made to have the engineenug information accurate, but owing to 
the diversity o( autlmrities coiisuIte<l and use of data translated from 
foreign langu.age perin<!ii*als, it is expected that sj»me errors will be present. 
The writer wishes to acknowledge his indebtedness t<» many firms for 
ph(»tograpbs and helpful descriptive matter and endeavor ha.s been made in 
every case to give cre<lit lo tlie finn furnishing such data, also to experts 
in various lines that have been (pioied in this treatise. Special attention 
has been paid to instructions on tool ct|uipmeut, use (»{ tt>oIs. trouble 
"shooting*' and engine rc]iairs, us it is on these points that the average 
aviati<m stmtcnl is iseakesl. (>n'y such theoretical consideration of thermo- 
dynatnics as was ileciiied abs<ilntcly necessary lo secure a pn»pcr under¬ 
standing of engine action fafier consulting several experienced in.strnctors) 
is included, the writers cfTorts having been confined to the prejiaration of 
a practical senes u{ instructions that W4»nld be of the greatest value to 
those who need a diversified knowledge of internal-combustion engine 
construction, operation and repair, and who must acquire it quickly. The 
engines described an<l illustrated arc all practical forms that have been 
filled lo airplanes capable of making extended flights and may be ermsidered 
(airly representative of the present state of the art. 

Considerable space is devt»ted lo the leading war-time engines in both 
the water- and air-<.*ooIed forms because some of these are still in use and 
also because these are the types from which our present day jierfectcd 
engines have been deveh»ped and a review of their characteristics should 
be of value in .shovving the reader what has been done m the past, so he 
can belter imdcrsiand the |k»s si hi lilies of the future. As aviation and the increas¬ 
ing use of aircraft has ])ractically eliminated national boundaries, this 
Ixjok has been made international in scope and many practical and success¬ 
ful European engines have been illustrated and described along wdth our 
own American product. 

yiCTOR W, Pag4. 
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One of the most im]>ortant branches of aeronautical fnjjineering is that 
dealing with pnwcrplant design, ci»nstnKti<m, installation and repair and 
aeronautical engineers may he divHlc<i inlt> two main groups, '‘plane’* men 
and ‘‘engine” men. The (livisi(»n of the engine men is in three main classes; 
designers, huihicrs or prwluction men and field men who are ccmcerncd 
with installation, maintenance and rejiair. S])ecialists in any of the sub* 
divisions find that it takes all their lime to l>cc<‘nie familiar with the many 
phases of the snhjcct they arc interested in. Whde the author has had a 
broader cx]>erience than many of the specialists, it is only because he has 
been identified with aviation since its inception and liecausc of particularly 
fortunate circumstances while serving on the Staff of the Chief of the 
Air Corps during the Wt*rld War, which offered unexcelled ujiporlunilics 
to oliiain ex|)erience a larger scale than normal peace time activities 
permuted. 

Kcganlless of this experience, the auUu'r has f<»und it desirable and 
even necessary to consult other aMlhi>nties and s]>ccialists in order to check 
up on his (»wii opinions and experience and every eff<»rl has been made in 
this treatise to present l>oth sides of every controversial subject. The 
reader may select the line of reasoning that best applies to the case under 
c<insideration and no matter what be finally acccjils. he will find ample 
authority as a basis for bis line of thought. In preparing this work the 
author has made references to the authority resp<msihle for the opinions 
or information presented and in every case due acknowledgment is made 
in the text to the expert quoted, when the opinions arc not those of the 
author. 

There ate many sources of aeronautical data at the present time besides 
the manufacturers of airplanes, engines and auxiliary apparatus. Govern¬ 
ment documents and publications of the Engineering Division, U. S. Army 
Air Corps, with lalHinitory facilities at Wilbur Wright Field, Dayton, Ohio; 
and also those of the National Advis<»ry Cimimiliec for Aeronautics, Wash¬ 
ington, D. C.; have been cimsulted freely and brief excerps and abstracts 
from these public (hiciiments have l»ccn used to bring nut ptunts in the 
text that were considered in greater detail in rejK»rts of experts and spe¬ 
cialists. The United States Itureau of Standards, and the United States 
Department of Conimcrcc, W'ashington, D. C., have also published much 
valuable data in the form uf rcjHirts issued in co-ujieration with the Govern¬ 
ment agencies previously mentioned. 

The membersbip of the 5>ociely <»f Automotive F.nginecrs, Inc., includes 
many aeronautical experts and s]>ccialists and much valuable data has been 
published in the 5. A. E. Journal on aviation and kindred subjects. The 
publications Aination and Arro Digest of New York City were also of great 
value and references to editorial opinions and descriptions of aircraft en¬ 
gines, have also been included to justify and .support some of the o])inions 
of the author. Such leaders in the industry as the Goodyear-Zeppelin Co., 
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Akron, Ohio; the Curtiss Aeroplane anO Motor Company, Inc., of Garden 
City, New York; Packard Motor Car Co.* Detroit, Mich.; the Wright 
Aeronautical Coqxiration, Paterson, New Jersey; Pratt & Whitney 
Acrcmautical Corjxjralion, Harifonl. Conn.; as well as numerous other 
firms whose products are dcscrfl)ed in the text, furnished valuable illus¬ 
trative and <lescri|>tive data. The Hurcaii of Aeronautics. U. S. Navy mul 
the Infonnalion Sectimi. U. S. Army Air Corps, also furnished material 
pertinctU to service planes, .iirships, and engines. A ninnher of early en¬ 
gines were described in Angle's ^lirphttc Jintjinc Ent-ydopvtUa which was 
also referre<l to in preparing this Viduine. 

The writer desires to ackiiowletige the vahihle assistance obtained from 
the sources meiui«nie<l as Uiey have greatly siippleincnted the material in 
the original aviation engine in*«inu*linii p:ij>er^ prepared for students and 
Army mechanic.^ dnrrng the laic War and the author's e.\i»eTience in avia¬ 
tion since ils inception over two deca<li> ago that fonn^ the ground work 
for tins treatise. The char.'icler co-operation cd»taine<l canimt fail to 
])roniote knowledge <»f aviation and projKT public appreciation of its great 
possibilities. 

'rhe pnfdic spirit and enthnsiastic co-o]H*rntfon of the jnibliHlKT of this 
treatise m gidng to an tin usual espense in ruianciiig esCeri<ie<l research wurk 
of the author ancl for the iiuineroiis exctdlent s|i<nal dlnstniltons that 
accompany the text, rn <»rder to help the cause of aviation and also In 
giving the xerilcr naVc in the jirejiaration f»f an unusually complete 

work nithoiic allow uig purely lmsitie'«s reasons to tiniil the si^e and .scoiic, 
is also Worth) of connneiit and appreciattve ncktiuw ledginent. 


X’lCTOK W. pAtu't. 
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Hendmon Convertiof^Wricht-Morehoiue Sngine^Mercedes Bens Type P 7502 
Bnfin^The Bristol “Cherub" Bngine—A.B.C. ScoqMon Mirk n—Scorpion 
Installstion—Initnictions for Pint Run-^Scorpion Bnctne InipectioTi—Runninf 
Sncine-^Dsily Inspection^Instructions for Top Overhtul—Removins Cylinder 
Unit—Reissembly of Cylinder Unit and Pistons—Dismantling Bngine^Re- 
acsembly after Ovcthaul—Metecrmotor Radial Bngino—Ssekely SR3. 

Henderson Conversion.^The experimenter with small and light air¬ 
planes has been somewhat handicapped in the past because of the lack of 
a simple, efficient and economical engine of Kinull capacity and converted 
motorcycle engines have Iwcn used in experimental work. These have not 
always been satisfactory because they were heavy in pro|jortion to their power 
output though much superior to any of the small automobile powerplants 
available for the piiriHJse. Most motorcycle engines were deficient in 
power output and special aircraft engines were t(M> cx])ensivc. The Hen¬ 
derson four-cylinder “Dc Luxe" model motorcycle engine po.ssesscs many 
of the characteristics of a first-class light plane engine, and by evolving a 
special conversion that allows the pmpeller to 1>e driven direct from the 
crankshaft, the Heath Company have made it }M)Ssihlc to use this low 
priced and popular engine successfully in their “Parasol,” a light weight 
sport monoplane. All Henderson motors, furnished as stock etpiipment 
on “Parasol,” are equipped with high pressure oiling system. They have 
been run for many hours on the test block and in planes, giving them a 
severe test, and have been found to stand up remarkably well. Henderson 
engines were used in many light plane races hi the past few years, and 
have stood the test. They are remarkable little engines that arc unusually 
well suited for use in incxjicnsive sport planes. It is said they will drive 
the plane 35 miles on a gallon of gasoline. The Henderson “De Luxe” 
motor develops 23 horsepower at 3.000 r.p.m., and weighs complete with 
propeller only 117 |>ounds. It is low in upkeep because it uses standard 
motorcycle engine parts that are obtainable in any part of the country. 
The engine is so well known as used in motorcycles that a detailed de¬ 
scription is not deemed necessary. The accompanying ilhi.stration Fig. 465 
shows a Henderson motorcycle engine with special Heath propeller and 
propeller conversion, installed in Heath “Parasol” fuselage. The engine 
mounting employed is so simple that the mounting can be completely dis¬ 
mantled by removing only four bolts. This makes it possible to adapt it 
to different types of engines without great structural changes. A fuel tank 
of 3.3 gallons capacity is fitted in the center above the wings. 

While the Henderson motorcycle engine is ideal for sport use, it is 
often desirable to use a more powerful engine to obtain greater speed, where 
the plane is used for exhibition work. Where such su]>erper{ormance is 
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desired, and where cost is nu object, the Wri^hl-Morehouse engine, de« 
veJoped especially for light plane use has been recommended by soiile 
authorities. This engine is of the two-cylinder opposed type, air-cooled, 
and develops 29 horsepower at 2.500 r.p.m. It weighs but 89 |>ounds. and 
due to its peculiar design it is easily and effectively streamlined when in- 
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stalled in a small plane. The Wright^Morehouse en^ne has met with great 
success in recent air races and has proven reliable and efficient, but at this 
writing it is not yet in large scale production but it is expected that the 
demand will increase and warrant the manufacturers in producing this effi¬ 
cient and well designed engine in quantities. 

Wright-Morehouse Engine.—This is a light opposed cylinder type de¬ 
signed especially for light airplanes. It is clearly shown in the sectional 
engineering drawing at Fig. 466 which outlines all details clearly for the 
technical (ir engineering student. The cylinders arc cast iron with integral 
cooling fins an<l valve scats, They arc attached to the crankcase through 
the cylinder flange, alniut half way up the barrel, their location being made 
by two pilots, one at the flange ami one at the end of the l)arre1. Between 
these two pilots the crankcase is cored to form closed passages when the 
cylinder is in place. Bypass oil from the pump is led into these passages 
serving to c(kjI the cylinder skirts l>ef(»re returning to the sump. Tulip 
shaped valves arc used. InUh intake and exhaust having ample diameter 
and lift. The valve springs are helical and made frt»m special heat treated 
spring steel wire. Adjustable push rcnls with ball and socket joints at each 
end actuate the forged steel rocker arms. Ca.se hardened steel cam 
followers operate directly on the camshaft. The push rods are so recessed 
in their sockets that they cann(»t cinne out in flight, white the rSeker arms 
are 8up]K>rlcd on imlividiial forgril brackets studdetl into the cylinder heads. 

1'he crankshaft is a steel drop barging, countcrl)alanced to reduce vi¬ 
bration. and having two throws at IflO degrees. It is drilled for oil pas¬ 
sages. giving pressure lubricatum to all bearing surfaces. The camshaft 
is mounted directly over the crankshaft and parallel to it. The camshaft 
gear is integral with the shaft and is driven by one idler gear at half engine 
speed. The idler gear is extended to form the tachometer drive connection, 
The camshaft and idler gear are both assembled through the rear cover 
plate. Both crank.shaft and camshaft arc mounted on large plain bearings 
of ample size, These bearing.s are grmwed for oil passages to the crank¬ 
shaft and crankpin bearings. The crankcase is an aluminum casting of 
especially clean lines. 

The connecting rods are of forged duralumin and are of H section. The 
wristpin bushings are of bronze, shrunk into the connecting rod. The 
crankpin bearings are babbitt applied directly to the rods. The pistons 
are the straight cylindrical type, made of aluminum and having crossed 
ribs supporting the flat piston head. Four rings, three above and one 
below the piston pin. are used. The hollow piston pins float in both rods 
and the pistons, bronze end pings feeing used to prevent cylinder scoring. 
The piston pins and cylinder walls are lubricated by oil spray from the 
crankpin bearings. 

A gear pump in the cover plate gives force feed lubrication to the main 
and connecting rod bearings, idler gear bearing, and camshaft bearings. 
The sump is equipped with an oil level indicator, oil strainer, and thermom¬ 
eter connection. Cooling fins are cast on the bottom to keep the oil 
temperature correct. The sump holds about three quarts of oil and is 
filled through the breather. A single Scintilla magneto, driven direct from 
the rear end of the camshaft, fires a single plug in each cylinder. An 
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impulse starter coupling between the magneto and the camshaft, insures 
a quick turn for the magneto in starting. The fuel mixture is supplied by 
a special carburetor through an oil jacketed elbow attached to the rear 
cover plate. Individual manifolds carry the mixture to each cylinder. Four 
holding-down bolts fasten the engine to the bearers. All the controls are 
at the rear of the engine, thus simplifying the installation in the plane. 
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SPECiriCATIONS—LINCOLN ROCKET 


Bore .375 in. 

Stroke .3.625 in. 

Ditpbccnictit (U1 liters) .KO cu. in. 

Compression ratio .5 ; 1 

RoUlioik .anti'Clockwise • 

Weight, dry .K9.5 lb. 

Power al 25(M> r.i>.in.; average .29 hp. 

giiaraiNt'vd .25 hp. 

rucl-ciinviniiplion ai 25(111 rp.in.; averuge.25 gal7hr. 

guarairteed .0..S5 1b./hp,-hr. 

Shipping weight .)55 lb. 




Jkk* I wtiha vaKwa , 
Carburetor 


Pif. 4b7.^Th« Mercedee*Bena Twenty Horaepower Two^Cylinder Bncine la ■ High* 

Speed Type witfa Geared Propeller Drive. 
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Mercedes-Benz Type F-7502 Engine.— The iiiulcrlying principle of the 
design of this engine, in the conslruction of which use is made exclusively 
of materials of the highest quality, was in create for small sports airplanes 
a ]>articularly light, simple, ami th<»roiiglily reliable machine, on which the 
pilot could rely .absolutely in all circu in stances. When the "Mercedes- 
Benz'’ Works underto<»k the task of putting ibis principle into practice, 
they did so with the assistance of an experience of many years in the con¬ 
struction of engines and aircraft and the engine illustrated at Figs. 467 ami 468 
is the result of thi.s cleveUqjment. The chrome-nickel steel crankshaft 
works in a crankcase ma<le of Sihnuin. in which it runs in two roller l>car- 
iiigs. The two steel cylinders have a l«>rc of 75 inilliinetcrK and a stroke of 
100 millimeters. They arc (»p]iuscd diametrically, screwed horizontally 
into the crankcase, and fitted with grey cust-inm cylinder heads. In each 
cylinder hea<l are fitted two chrome-steel inlet an two chri>me-steel exhaust 
valves, which are <jperated by a camshaft running in the crankcase, through 
tappet rods and rockers. The camshaft, as well as the ‘'Bc»sch’* magneto ig¬ 
nition and the geared oil pump, are driven by spur gearing from the crank¬ 
shaft. The cooling of the ribl»ed cylirwlcrs is effected by air circulation, 
while provision is made for the lubrication id the crankshaft and of all 
transmission parts by means of a geared pump l<»calcd in the bottom half 
of the crankcase, which receives a constant supply of fresh oil from a small 
piston pump. The oil which collects in the lK)ttom part of the crankcase 
returns to the oil pum]) after jmrification in an oil strainer. The aluminum 
pistons are lubricated by splash lubrication. The fuel is supplied through a 
‘*Merccdes-Henz" carburetor with main and slow running jets. The air re¬ 
quired by the carlmrctor is drawn in through a preheater fitted on the 
crankcase, in which it is heated before its admissi<in into the carburetor. 
The crankshaft drives the propeller through the intermediary of a planetary 
gear with a ratio of three to one. This engine is used on the Klein in- 
Daimler i]iono])]ane. which has made remarkable flying records. 

The principal dimensions and working data are supplied by the follow¬ 
ing table. 


Niiml>er of cyluntrrs .2 

hofe .7.S mm. 

Slriikc .too mm. 

Capacity of cylimlers .SS4 cc. 

LeuxiU .SWl mm. 

Width .775 mm. 

HeiRht .47(1 mm. 

Momia] specil of the crankshaft.3000 r.p.m. 

Normal speed of the propeller.ItKK) rp.m. 

Power otttpiit .20 hp. 

Power oiUpiit in an atrno*<phcnc density of \2S .22 hp. 

Fuel conaiimpiioD per hp.-honr.xrams 

Oil consumption .19 zrams 

Weight of the enaine wuHout oil or propeller. 4^ kilos 

Capacity for oil .1.7 liters 


The Bristol "Cherub** Engine.—This is a very potmlar engine for light 
airplanes in England. The engine has recently t>ecn Kubmitted successfully 
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to the latest British Air Ministry 100-hour Tyi>e tests. It completed this 
test in ten nonstop periods of ten hours each, without any hitch, stoppage, 
adjustments or replacements. On the last hour, the engine held 36.6 brake 
horsepower at 3,200 r.p.m. T^c average fuel-consumption throughout the 
test was .586 pints per brake horsepower per hour and the average oil con¬ 
sumption .026 pints per brake horsepower hour. At the conclusion of the 
test, the engine was stripped and found to be generally in excellent condi¬ 
tion. The Bristol “Cherub” engine is of the two-cylinder opposed type and 
has a total swept volume of just under 1,230 cubic centimeters. 

The crankshaft is a case hardened alloy steel stamping of ample dimen¬ 
sions, carried in four bearings; the crankcase is an aluminum casting, split 
vertically on the engine center line and provided with separate front and 
rear covers. There are three main bearings. The front one is of the deep 
groove type, located in the nose of the conical front cover, and transmits 
the propeller thrust from the crankshaft to the case. The other two are of 
the double row self aligning type, and situated adjacent to the crank throws, 
one in front and the other in behind, and are h<»uscd in the front and rear 
half crankcases, rcs])cctivelY. 'J'he tail end of the shaft is supported in the 
rear cover by a plain white metal l>eariiig which provides an oil seal, 
allowing oil to be supplie<i through the hollow tail end and drilled oilways 
to the big end of the bearings. On the shaft l>etween the two rear bearings, 
a spur wheel and two spiral gear wheels tjrovidc drives for the camshaft, 
tachometer and magneto and oil pump, respectively. 

Connecting rod.^ are alloy steel forgings with hardened liners, pressed 
into the big ends, the pr(»p<»rtions of which are such that the rods may be 
threaded over the shaft. When in jxisltion, the split bronze floating bushes 
arc inserted and the two halves secured to each other by high tensile steel 
screws which are locked by split pins. The pistons are of aluminum alloy, 
fitted with three rings, the lower one of which serves as a scraper and re¬ 
turns surplus oil from the cylinder walks through drain holes in the piston 
skirt, The hollow gudgei)n pins f)i>at. both in the piston bosses and in the 
connecting rod small ends and are located endways by bronze buttons 
pressed into their open ends. 

The cylinders have steel barrels, but the inlet and exhaust passages are 
formed in the aluminum alloy heads which also carry the screwed-in alloy 
steel valve seats, valve guides, valves and springs. A deep spigot for the 
head is provided on the barrel with a flange to which the head is bolted by 
a copper ring spigotted and very carefully fitted in annular grooves cut in 
the head and barrel flanges. As the rates of expansion of aluminum and 
steel are different, great difficulty is u.sually encountered in the mainte¬ 
nance of a really ga.'^-light joint with this type of head. In the Cherub 
heads, this difficulty has been entirely overcome by inserting |>acklng pieces 
of a special alloy, having an unusually low rate of expansion, between the 
cylinder heads and the heads of the securing Iwlts. This arrangement, 
combined with the copper ring joint, has proved so satisfactory that the 
ends of the bolts are riveted over their nuts, the head and barrel being 
regarded as one unit which need never be disturbed. The cylinders are 
secured to the crankcase hy a spigotted and flanged joint, a packing ring 
'Serving to make the joint oil tight. 
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Inlet and exhaust valves arc of collalt^hrunic steel and are inter¬ 
changeable, and three concentric springs are used on each valve. The valve 
operating gear is somewhat unusual and has distinctive features of con¬ 
siderable importance. The camshaft, which, with its four cams is machined 
from the solid, runs across the crankcase below the crankshaft and is driven 
by plain spur gears of ample dimensions. The cams are of the constant 
acceleratu>n type. The valves arc operated by rocker shafts which run 
parallel to the cylinder. 

The carbtiret<»r is a special type of Zenith with hand operated altitude 
control of the extra diffuser air ty(>e and is Ixdtcd to a cast aluminum in- 



Pif. 469.—The Bristol **Cherub** Aviation Snsine. an Efficient English Design for 

Low-Power Sport Plsnes. 
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duction “T'* piece which is attached by studs and nuts to a broad facinjt 
on the underside of the magneto and pump housing on the rear cover. The 
throttle and magneto advance and retard are interconnected by a suitable 
arrangement of levers and links. The altitude control is independent except 
that it is closed automatically if the throttle is closed. The air intake to the 



Fig. 470.^3 bowing Method of InstiUiog Bristol *'Chenib*' Engine in the Johnson 
Twin 60 B4^ne in which One Engine was Used on Each Side of the Fuselage, 

Suspended by Engine Bed Between the Wings. 

s 

carburetor is an exhaust jackeUed steel e11>u\v. The induction pipes run 
from the *"T*' piece parallel to the cylinders and are htted into it with 
airtight exj>ansion joints, and arc pn^vided with bosses to take primer jets. 
The engine is mounted from scre\ve<l extensions on the ends of the four 
crankcase bolts at each corner of the crankcase. A standard connection 







988 


MODERN AVIATION ENGINES 


for a tachometer is arranged on the port side, above the magneto. This 
engine is shown at Fig. 469. The cylinder bore is 3.5 inches, the stroke 
3.8 inches. It has a piston displacement of 75 cubic inches. The com¬ 
pression ratio is 5,5 to 1. The dry weight is given at 100 pounds, or 3.1 
pounds per horsepower. The length is nine inches, the width 25.5 inches 
and the height twenty inches. The center to center of engine bearers is 
7.4 inches. 

The method of installation on the Johnson Twin 60 Biplane, where the 
motors are carried between the wings and drive pusher air screws is clearly 
shown at Fig. 470. The simple mounting of steel tubing supports and 
braces can be easily seen, support tubes extending fn^m the rear wing 
5]>ar near the strut fitting and bracing mem1)crs of triangular ^orm joining 
the front and rear interplane struts. The fuel tanks arc carried in the 
upper wing, the wedge-shaped oil tank is placed ahead of the motor crank¬ 
case as shown. 

The A. B. C. 34-40 Brake Horsepower "Scorpion" Mark II.^This twin- 
cylinder, horizontally opposed, air-coolcd engine, has been specially de¬ 
signed for use in light airplanes, hydro-glulcrs. etc., and is a good example 
of English design said to be in excellent balance mechanically and singu¬ 
larly free from any periods of vibration. Normally the engine is a "tractor." 
running clockwise looking from the cockpit, but it can be supplied as a 
"pusher" if required, and in this form it has been mounted in machines and 
flown successfully. 

Crankcase.—The front view of the engine at Fig. 471 clearly illustrates 
the general construction of the crankcase, which is nil in one piece. There 
is an entire absence of joints which necessitate numerous Ixilts and Cuts, 
with the result that the crankcase is exceptionally strong, light and clean. 
At the bottom, integrally cast, is the induction manifold, which by reason 
of its position, serves the dual pur|K)se of heating the mixture and cooling 
the oil. Cast aluminum ellxnvs make the connection between the inlet port 
and manifold. A simple and eflicient rubber joint is fitted at the crankcase 
end of elbow which adjusts itself to any cylinder expansion. 

Cylinders,—The cylinders arc machined from solid steel bar with the fins 
formed integrally, and are perfectly symmetrical, great care being exercised 
in the finishing process. The cylinder heads are of cast iron, liberally finned. 
They are detachable, and have two valves of large diameter identical in size. 
The inside of the head and top of piston are of hemispherical shape, so 
forming a partial spherical combustion-chamber. Two sparking plugs are 
fitted to each head for duel ignition. It will be noticed that by simply re¬ 
moving the nuts of the cylinder foot studs and those fixing the induc¬ 
tion pipe to the crankcase, the whole of the cylinder unit, complete with 
induction pipe, can be taken away in one piece as shown at Fig. 472 B so 
that in a few minutes the interior of the engine, piston, connecting rods, 
crankshaft, big end bearings, etc., can be exposed for inspection. The 
valves, which are of high tensile steel and interchangeable, are operated 
through the medium of rockers and tubular tappet rods, the rockers them¬ 
selves being mounted upon hollow pins of ample dimensions containing a 
reservoir of oil. 
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• Crankthaft, Connecting Rode and Pistons.—The crankshaft, a unit of 
vital importance, has received special attention, and the makers' experience, 
extending over many years, has proved the efficiency of this type. Ma¬ 
chined from the solid out of a one piece high-tensile steel forging it is 
finished very short and stiff. It is designed to reduce the couple to a mini* 
mum, with the result that the engine is exceptionally steady at all speeds 
and free from vibration. The crankshaft assembly is shown at Fig. 472 A. 



fRONT VIEW Of ENCINC 


Pig. 471.^Vlews of ABC *'S<orpion** Light Plane Sncine. an Bfficicnt and Popular 

Bridth Design of the Plat Twin Type. 
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The connecting rods, though unusually light in construction, arc also ex¬ 
ceptionally strong, the complete rod being formed from a one piece forging 
of the same high grade steel as the crankshaft. The pistons are of alumi¬ 
num alloy, fitted with two rings at the top only, the bottom one forming 
a scraper. The gudgeon pin is of generous dimensions, and is fixed to the 
connecting rod by means of a cotter Ixdt. nut, and split pin. 

The big end bearings arc of the plain, floating bush type. These hushes 
arc of bronze and of patented design. They arc split longitudinally, anti 
each half is placed in ]M»sitiou after the cemnecting nnl h.ns been threaded 
over the crankpin. The halves are joined by high-tensile steel screws 
which arc locked by steel wire. The joint of these hushes is so arranged 



^ CSANKtHAfT COHPLtlt CYLINfttW UNIT COMPLSTf 


Fig. 472.*^Craiikihaft and Cylinder Unit of ABC ''Scorpion” Engine. 

that the full load docs not lentl to burst the joint, the screw.s 1 icing likewise 
relieved of this bursting load. OH is fed to tbe big end under a pressure 
of 40 to 60 pounds by means of holes drilled through the crankshaft. All 
the other bearings are of the ball or roller type, and .ire of am])lc propor¬ 
tions. The thni.st Iwaring i.s also of the ball ty|>c. and is located between 
two roller bearings at the forward end of crankshaft. This construction 
is clearly shown at Fig. 473. 

Camshaft.—The camshaft, which is machined and finished with the 
cams integral, is very short and stiff, and having one exhaust and one inlet 
cam to serve two cylimlers, synchronization of timing is easily obtained. 
Roller type tappets are fitted and slide in dujdex plain liearings. 

Lubrication.—Oiling is of the dry sump principle, there being both a 
pressure feed pump and a scavenging pump. These piim|)S are located 
on the rear cover of the crankcase, and are of the rotary type, .simple in 
construction, efficient and dependaldc. The arrangement of these two 
pumps can be seen from the illustration showing the hack of the engine. 
The connection for a revultiiion indicator is also fitted on the rear, and is 
to the Air Ministry standard, running at <tunrter engine speed. The oil is 
fed to the crankshaft by means of a ]daiu bush which is located on the rear 
cover of the crankca.se, and is easily <letachablc. 

IgnitioiL^Ignition is provided by a H.T.H. magneto, of special design, 
fitted with impulse starter, and giving two sparks to each cylinder. The 
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mag:neto is inter connected with the throttle and arranged so that full 
advance is effected at quarter throttle and over. 

Carburetor.—The carlmretor specially designed for this engine, is a 
Zenith double-chokc triple*dtffuscr type, and is bolted directly to the crank¬ 
case. On the air intake is fitted an exhaust heater which is connected to the 
exhaust enH)ws by pipes with gas-tight joints. 

The leading particulars of the engine arc as follows: 


Nnmlrfr of cyUiKjpr^. .....2 

Pore .4.0 J 5-^ \ 02m /ni 

Sirc^p .3.6 iii.'-4d/44 m/m 

Capacity .iStK) c.c. 

Normal H.H.P. .34^ctual 35 

Nurmal Sprcil .2300 r.p.m. 

High Power IMl.P. .38.3 

High Power Spceil .2550 r.p.m. 

Maximum B.H.I*. <fi»r sIhiCI Inirsts of five nnniittN) .40 

Maxmuim SiJCnl.2750 r.pin. 

Pcirol Cinwimptiiiii.52 pti. B.H.P. hour 

I'm cl rccnnmicuclcd-MiYtiirr HO'X AmtifXi. 20% Rcn^ol— 

fpjcitic ffruvuy.768 

Oil cCuMiinpiuHi .04 pt'. B.H.P. hour 

Oil wnninicmlcrt .TaHirol P. 

Oil PresMire—mirm.il rMinima.41W4) ll>». 

WeiRht. ciiniplele w'llh iiiURiirtts cnrlnirclor ami ]»ru]K*llcr 

Ikjrs .109 lbs. 


Remarks on Installation.—The engine may lie fitted in a manner similar 
to radial numnting—direct to lmlkhea<l—or fixed by means of brackets 
direct to longerons, l•*on^ Ji-inch <lianietrr reamcil holes arc provuled for 
installati<‘n purjvoses. Sec installation drawing.s Figs. 474 and 475. The oil 
tank should be large enough to contain at least one quart of oil mure than 
is required for the longest intended flight. This can be determined from 
the coiisunijition, which is 1^ pints jter hour. The oil tank should be 
located a> near as possible to the engine, alwjve the pressure pump, so as 
to reduce .skin friction in the pipe line, and at the same time reduce the 
lengths of oil pipes to a minimum. 

All oil pijH's sh(»u!d either be of flexible material or properly arranged to 
withstand vibration. The makers strongly advise use of flexible pipe. The 
main feed i>ipe to delivery' pnmp .should be at least ^^-inch clear h<ire. 

An oil cooler shonbi l>e inter-connected between the crankcase and 
oil pump, and should be of such projHirtions that the oil temperature from 
the scavenger pump to tank does not exceed 50 degrees Centigrade. The 
approximate rale of oil circulating at normal spee<l is twelve gallons per 
hour. The oil gauge used should f)e capable of taking an overload up to 
160 pounds per square inch, as in starting fr<im cold the oil pressure will 
be high until the engine has warmed up. 

A good deal of the cflicicncy depends on the suitability of propeller used. 
The makers supply a propeller which has given good results on both a 
monoplane and biplane, competing under conditions of utility and not 
purely speed purposes. 

Instructions for First Run after Installation.*^I. Bolts and Nuts:^ 
Examine all bolts and nuts and .sec that xh^‘ are quite tight and satisfac- 
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torily locked, especially those relating to any parts which might have been 
dismantled either for purposes of transit, or for facilitating installation. 

2. Valve Clearances :»Examine clearances between valve and rocker, 
and, if necessary, adjust both inlet and exhaust to .OlO-inch when cold. 

3. Magneto timing:—If magneto has been removed for any reason, 
this should be timed tu hre 45 degrees when fully advanced. This timing 
is with the impulse starter inoperative, and to effect this the engine should 
be slowly turned over until the impulse starter is observed to snap, then 



Pif. 473.—The *‘Scorpion'* Engine and Propeller Reedy for IneteUition in Light Plane 
is Shown at A. Interior View of Detacheble Cylinder Heed Shown at B. Prectical 
Light Plene Suitable for ''Scorpion** Powerplent Shown at C. 

slowly reverse the engine until the cam is opening the contact breaker 
points. This is the true time of firing for speeds above slow running. 

4. Controls:—Examine magneto and carburetor controls which are 
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interconnected. These are so arranged that at third throttle opening and 
over, the magneto is fully advanced and completely retarded when throttle 
is closed. See that both full throttle and closed throttle positions can l>e 
obtained. 

5. Pipe Connections :~Make sure that all oil pipe connections are 
correct and that there are no air leaks nn those pipes connected to oil pumps. 

6. Valve RockersOil valve rockers by means of the oil gun provided 
with tool kit. Grease ball ends of tap)>et rods. Smear grease over tops 
of valve stems. 

7. Starting Engine:—Turn i)ro|>cner by hand (making sure first that 
ignition switch is ofT) until at least 60 pounds per square inch of oil pres* 



Pig. 473D.—Lonptudinal Section of Scorpion" Engine Showing Ball Beiringa and 

Thrust Bearing Aaaembly. 

sure is .showing on oil indicator. 'I'his is a safe indication that connections 
are correct. 

8. Sec that the wires to sparking plugs are suitably supported and that 
there is no danger of chafing thnmgh, or being burnt by contact with 
some part of the cylinder or head. 

9. Engine should now l>e ready for starting. To facilitate starting 
first of ali flood carburetor and then suck in a good charge on full throttle, 
with air intake restricted. Close throttle and after switching on ignition 
the engine should start with first pull. 

10. Oil PressureLet engine idle for three minutes to allow oil to 
circulate, and watch oil indicator which will pn>bably read alwut 90 
pounds per square inch, with the oil cold. Open up engine to about 1.600 
r p.m.. and allow to get properly warmed up. When thoroughly warm 
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the oil pressure shouUl be al>out 60 pounds per square inch, and should 
never l>c allowed to fall below 40 pounds per square inch. Oil pressure is 
cniitr(»IIed by a release valve on oil dislribulor on rear of engine, which is 
properly adjusted before engine leaves ihe factory, but should the pressure 
be affected by the type of oil used, adjustment can be effected. Oil rccom* 
mended is Castro! R in .summer. Castrol C in winter, or pure Pharmaceu¬ 
tical Castor Oil. Castrol is a mixture of mineral and castor oils. 

11. Running Engine:—When engine Is thoroughly warmed \ip and 
everything is satisfactory, the engine may l)e slowly run up to full throttle 
to chock the stability of mounting, etc. However, full throttle running ou 
the ground should not exceed three minutes duration, as it must be remem¬ 
bered that the engine is n<»t receiving its nttrmal cooling until it is in actual 
flight. 

12. Stopping Engine :~Shut d(»wn the engine in the following man¬ 
ner:—Close ihrolllc to slow running jMisilion and alhnv to idle for twt» 
minutes, then switch <»ff or slow right down and turn <»ff fuel, and allow 
engine to atiqi through lack of gjisolinc. 

13. Examination After Running:—After shutting down examine the 
engine all over as fcdlows: 

a. There should be no oil or fuel leaks, and all jcdius shmild be tight. 

b. 'Phe cylinders will Ihj <|nitc lioi. and all securing nuts shcmld In* 
tight and also cylinder head ImiUs should be tight. 

c. There should be no shake in the pr(>|>eller huh. and all hub bolts 
should be tight. 

d. The lubrication system should l>c completely drainc<l. and all 
filters cleaned and replace<l. and tank rcflllcd with fresh oil, 

14. Carburet ionAll engines are tested on a staiKhird test i>n)|)eller. 
and the jet .settings in the carburct(»r sent with the engine arc those which 
.secured smooth running at nil sjwcds during test. The throttle is adjusted 
to give slow running at aliout 80(1 r.p.in. It is inadvisable to set the adjust¬ 
ment l)clow this speed, us this is a very sensitive j>osition of the throttle, 
and should the adjustment l>e set much lower there is a p<»sstbility (»f the 
engine stopping when ckrsing the throttle quickly. It is possible, how¬ 
ever. owing to the different conditions, when the engine is in.slalled in the 
machine, that some variation in the settings may l>c necessary, to (obtain 
satisfactory running. In such cases the makers are always prepared to 
exchange carburetor jets f<ir others giving a richer or weaker mixture if 
required, or alternatively. Zeniths, the makers of the carburet<»r. who have 
depots in most countries, will, on re<|uest supply any parts or give any ad¬ 
vice or assistance that is ]K)Ssible. 

Instructions for Daily Inspection and Running of Engine in Flight.— 
Follow previous in.structious as given under hea<ling (First Run After 
Installation). Also see that impulse starter is in operation, by noticing 
that there is a click when the propeller is pulled over slowly. If no click 
is heard, probably the pawl is sticking. This can Ij« eased by washing out 
through the small hole with kerosene and, when dry. lubricating with very 
thin oil. 

2. Check contact breakers of magneto to see that they are free. Apart 
from this, the magneto requires very little attention. Full instntetions as 
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to the functioning of this unit can be obtained from the separate l)ooklct 
issued by the makers—The British Thomson Houston Co., Ltd. 

3. Periodically c.xamine platinum points to .sec that they are clean and 
smooth, and oj>ening correctly. 

When in Plight.— 

4. a. Oil Pressure:—that oil pressure never falls below 40 pounds 

to the square inch. 

b. Engine SpeedsThe normal speed of engine U 2.300 r.p.m. and 
engine may be run hidefinitcly at this spetxl. A high speed of 2.500 
r.p.m. is permissible for periods of <»ne hour, and a maximum .speed 
of 2.7,S0 r.jj.m. for a short burst only of five minutes duration. 

c. V*iolenl acceleration of engine is to be av<nded. 

d. Allilude ControlsThe altitude contred should be used with 
discretion, as a weak mixture is to be a vended. If altitude lever 
is not so conncctc<l that it automatically closes with the throttle 
make sure that it t.s closed Wfore Ihnutling down. 

e. Oil TemperatureOil teinjieralure should never exceed 60 de¬ 
grees Ccuiigradc, and should normally l*c 40 degrees Centigrade. 

After Landing from Day's Plying.— 

5. Examinatnm: 

a. Examine nil over for oil leaks, fuel leaks, etc. 

b. Check <»il and fuel c<Misiuuption. 

c- When everything has ciKded off, turn engine over and by feel and 
hearing be assured ewrything is correct. 

d. See notes Section 13 under heading ‘Tirst Run after Installation/’ 

Instructions for Top Overhaul.—it is advised that a top overhaul 
should t)e undertaken after every 50 hours running. All parts connected 
with the cylinders and nn-kcr gear slundd Ihj dismantled, thoroughly ex¬ 
amined and cleanetl. keplacenients should l>e made where necessary. It 
should not be necessary to remove the engine for this overhaul. 

The tool kit. as supplied with the engine .should be used for this purpose, 
as the use of proper spanners avoirls <lamage to nuts. 1h>Us, etc. And for 
the same reason it is not giKKl practice to use an adjustable spanner except 
in cases of emergency. When di.smaiitling it is a<ivisable to temporarily 
replace nuts and bolts in their respective jKisititins to avoid loss and con¬ 
fusion. A numlKT of the parts are marked by dots or fig^ires and indicate 
the i>ositions of such parts. Care should be taken to replace such parts 
according to the marks. Split pins should not be re-nsed. and spring 
washers that have lost their life shiuild be replaced. 

Removing Cylinder Unit.—For reniiiving cylinder unit for internal in* 
spection jiroceed as follow.s: 

1. Remove high tension leads fn>m plugs. 

2. kem<»vc tappet rods. Take care that piston is down the stroke, and 
that the valve is in shut position before levering the rocker for removal 
of any one particular tappet rod. 

3. Remove exhaust connections to exhaust clliows and heater muff. 

*4. Remove nuts holding plates on bottom of induction pipes, and slip 
back plates and rubber washers. 
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5. Remove cylinder foot nuts and waahers. 

6. Cylinders may now be removed. This is done by gently rocking the 
cylinder up and down, by hand, and at the same time exerting a pull. There 
are long spigots to the cylinders. No undue force should be necessary. 

7. As each cylinder is removed, support each piston by a clean small 
piece of wood to protect pistons against damage. Always be careful in 
turning the engine with cylinders removed. 





Fig. 474.»Drawiiig Showing Side View of ABC ‘‘Scorpwa" Engine Giving Prineipal 

Dimen^oiu. 

8. Most of the interior of the engine is now exposed, and a superficial 
examination of the interior can now be made. Sec that bronre brushes on 
big ends turn freely both on crankpin and in connecting rod. Theae arc 
“floating** bushings and must be free, yet not unduly loose on cither the 
crankpin or in connecting-rod big end. 
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Dismantling Cylinder I>nit.«~Por dismantling cylinder units; 

9. The rockers should now be removed from cylinders and it is better to 
place these parts so that they can be re-erected in their respective positions. 

10. The valves can now be removed, and for this purpose, it is best to 
make a block of wood which will be a loose ht in cylinder, and will also 
be slightly domed on the top. The length should be about one-<^uarter*inch 
longer than the cylinder, ifold the cylinder lightly in a vice across the 
flats of cylinder feel, and with the block of wchkI resting on the bottom of 
vice, the valve springs can become pressed, and split collars removed from 
valves. For levering the valve springs replace the nicker pin and use this 
as a fulcrum. Il ts most advisable to keep the valve split collars together 
with the valves to which they Wlong. 



Pig. 475.—Back View of ABC “Scorpion" Engine. 


11. It should nt>t be necessary to remove cylinder head, but if for any 
good reason this i.s dime, a new joint washer must be used. 

12. It shotibl not be necessary In remove pistons but if for any good 
reason these arc to be removed first of all withdraw gudgeon bolt and then 
gudgeon pin can be easily pushetl through piston and connecting rod small 
end. Kee]) respective Ixdts. nuts, gudgeon pins and pistons together. 

13. Decarbonize cylinders and valves, and grind in valves. 

14. Remove rings from piston. Decarbonize all over, clean thoroughly 
and replace rings. 

15. Check valve spring tension, which should be not less than: 

Inner )H»unds when compressed to 1.4 inches long. 
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Outer:—^ pc»unc]s when compressed to 4.3 inches long. 

Replace any that are bad. 

Re-Asaembly of Cylinder Unit and Pistons. 

16. Re-asscmble the parts following the above instructions in the reverse 
order. The rubber rings on induction pipes should be renewed, and remcm« 
her to slip l)oth the plate and rubber ring over induction pipe before putting 
cylinder into position. 



Fig. 476.—'Horsepower at Various Crankshaft R.P.M. of ABC "Scorpion** Mark II 

Airplane Engine. 

17. Special attention is called to the tightening up of wristpin bolts. 
These should only be pulletl up so as tti be in slight tension. Excessive 
tightening is liable to over stress the Indt. 

18, When the foregoing uniU are re-asscinbled the engine will be ready 
for running, when the in.structions under hea<ling (Instruction for First 
Run after Installation) should again l>e ohservetl. 

Instructions for Complete Overhaul.—It is rccinnmended that the en¬ 
gine should be removed from machine for complete overhaul after about 
150 hours running. 

Special extractor tools are necessary for ctjmplclc dismantling, and if 
these t<«)ls and the proper facilities are not available for this work, it is 
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advised to return the eng:inc to the makers for overhaul. If the necessary 
arrangements can be made for overhaul, and competent mechanics arc 
available, the overhaul can be done by adhering to the following inslruc- 
tiona. The special tools required can be supplied, and their use is indi¬ 
cated in the following instructions: 

Dismantling Engine: 

1. Remove prupeller hub and pnijK'llcr by means (»f extractor tool sup¬ 
plied with the standard tend kit. Of v<mrsc this will be done bef<»rc the 
engine is detached from the machine, 

2. Carry out the t»pcratums enunicralefi under hca<ling fTop Overhaul)» 
Nos, I to IS inclusive. 

.1. Remove pistons. J'lace wrisipins, bolts, etc., with each ]»islon. 

4. Remove carburetor and controls 

5. Remove magneto. 

6. kemewe tapjiets cjunpirte with guides. 

7. kein(»ve pressure pump n'r»p pump). 

8. Rear cfwcr inav ni»w be removed a< one unit. This unit can be 
further di.smuntled if considered iiecessarv. 

9. The inner c<ivcr is now exposc<l. and the nuts should be removed 
from studs ludding Ci»ver in i)ositHm Kcniove washers from studs. 

10. Now remove nose bearing cover with its felt washer and protecting 
washer, 

n. 'rile crankshaft unit, li»gcther with inner cover and bearing, may 
now be removed, and shimid be done in the following tnatmer. 

Attach special extractor Uk> 1 to the nose housing studs, using all six 
stmts. 

Fold connecting rods so that they arc inside of the crankcase. Get a 
second persim to guide the connecting uh\s and crankshaft through the 
slots in crankcase. By carefully screwing up the extractrir Indt the crank¬ 
shaft may be pushed out oi jnisition. It may ]K»ssibly happen that crank¬ 
shaft will tend to turn, and this can best he prevented by replacing a bar 
across the insiile of the cylinder jKirls an<l under the middle web of the 
crankshaft. During this oi>erAtion frequently make sure that everything 
IS clear and nothing is being unduly strained. 

12. The inner cover, together with Ivall race hmisiiig, should now be 
reinovetl from crankshaft. If this .slumid require tapping off. be carefid to 
tap off through the medium of the housing, 8i» as not to disturb the fit <d 
the housing in cover. 

13. Remove the crankshaft timing wheel with small “U” shaped e.x- 
tractor tool. 

14. The large fall liearing may now lie removed by using the large “U” 
.shaped extractor tool. 

15. The inner race that is left on the nose end of the crankshaft need 
nut be removed, unless it is iicce.ssary to be replaced. 

16. Now remove the big end bushes in the following manner: Draw out 
the locking wires which cannot again lie usc<l. Kcmtive screws with a goo<l 
screwdriver that is a close fit in sluts. Place screws so that they may be 
replaced in their original positions. Turn bush until larger half is central 
to the top dead center of big end pin, and gently draw .sideways away from 
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connecting rod. Repeat this operation with the remaining^ half then im¬ 
mediately join the halves together, putting the screws in their respective 
positions. The connecting rods may now be removed from the crankshaft. 
Note.—The small end of connecting rod is offset, and the position of this 
should be noted so that they can Ijc re-erected correctly. 

Clearances or Tolerances Allowed.—Having completely dismantled the 
engine, all parts should be thoroughly cleansed in gasoline or kerosene and 
protected from damage and dirt. An examination of all parts may now be 
made, and below is a list of origiiuil cleanincos. or tolerances, allowed in 
Scorpion engines. All clearances given are slack. Where tight 6ts are 
required these arc marked “T.** 


Crankshaft 


Oriainal Maximum 


Big end pins out of round. .OOOiS .002 

Big end bush on crankpin.0025 to .00.^ .005 

Total float of bush ami coiiuccting hmI. .004 .01 

Roller bearings on nose end. drive — 

Ball bearings on tail end. ** — 


big end pins are badly worn out of round, or scored, they cuo Itc rr-grouod if 
returnvil to makers New bii.s]ir< will supplied amt for this |sini<>«e it is 
nvccs.^ry to redini connecting hkI mi ifui correct fit can Iw obiaincd laith for 
fit in conneciing rod and end float. 


Big End Bush Original Maximum 

For clearance to pin and float see crankshaft. 

Clearance in connecting ro<l. 00,^S-0004 .006 

N.B.^If new hushes are required send exact mzc uf pin and bore of connecting rod, 
so that correct fit can be given. Bushes will be made full in length for htting. 


Connecting Rod C)rigiiial Maximum 

For fit to big end bush and float, see under 
crankshaft and big end bush. 

Fit of gudgeon pin.Tapping fit Tapping fit 

K.B.^'Connccliiig rods d badly worn, niay l>e re‘ground and ovcriiirc bnshes supplied. 

It is necessary to scfid the cranksltaft to the rebuildcr as well so that correct fits 
may be given. 


Cylinder 

Original 

Maximum 

Piston fit to cylinder: 

2nd land . 

. .0185 

.026 

Skirt . 

.0135 

.019 

Out of round . 

.00025 

.004 

N.B.—These clearances are taken with piston at top 

Ilf Its working position. 

Cylinders may 

be reground up to .01 oversize and new 

pistons fitted. 


Piston 

Original 

Maximum 

For fit to cylinder, see under cylinder, 


Fit of gudgeon pin in piston. 


.001 

Fit of piston ring tu piston.. 

.004 

.007 

Piston Ring 

Gap . 

. .005 
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CyUnder Head Original Miximum 

Exhaust valve guide fit to head.. T. — 

Fit of exhaust valve to guide.007 .012 

Inlet valve guides fit to head... T. — 

Fit of inlet valves to guide.. .003 .006 

Valve Springs 

Inner. When compressed to 1.4*inch long.55 lbs. 45 lbs. 

Outer. When compressed to L.Vinch long.48 lbs. 40lhs. 

Rockers 

Fit of bush to rt>ckcr. T. — 

Fit of bush to pin. .0015 .003 

Fit of pin to rocker 5Up|>ort.Light drive — 


Re*Assembly after Overhaul.^ 

1. Any new parts that have to he fitted should be trial fitted first before 
proceeding with final assembly. 

2. Re-assemble the engine in the reverse order of dismantling. Special 
attention is drawn to the following points, more or less in the order of 
which they arise, and reference should be made to illustration of section 
through cngint. at Pig. 473 D: 

a. It will be found that parts relating to each big end and connect* 
ing rod. are numbered 1 and 2, or by dots, so that respective rods 
and big end bearings may be correctly replaced on original big 
end pins. The big end pin nearest propeller being known as No. 1. 

b. Make sure connecting rods arc assembled to crankshaft with off* 
set of small end of connecting rods correctly positioned. Offset 
of each small end should l>c towards center web of crankshaft. 

c. U.sc mild steel wire for locking big end bearing screws, 

lie sure tn use same screws in the original positions. These should 
l>e taken up lightly with a j>roperly fitting screwdriver, and if 
screws have been kept in proper position, the slots will line up 
with the holes for kicking wires. If for any unseen accident the 
screws have become mixed or mislaid, the slots are lined up by trial, and 
by casing the bottoms of counter-sinks until tlie correct position and 
tension is obtained. In turning over the ends of the wire, be care¬ 
ful not to sprea<l the slots, thereby taking up the side clearance. 

d. Attention is called to the clearances between bearings and thrust 
washers, as shown on section drawing. See that races and washers 
are correctly |X)sitioned. Crankshaft should turn freely when all 
bearings are in position. 

e. The camshaft timing is easily obtained by placing the crankshaft 
with keyways towards top of engine, and the tooth marked “O” 
should be inserted in the gap of timing wheel directly above the 
keyway. 

f. Leave off the top oil pump until the cover is fitted, as it is possible 
to see the revolution counter wheels enter into mesh when pushing 
cover home. 
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g. Refer to note seventeen under heading ‘'Instructions for Top Over- 
hauV* l>eforc replacing pistons. 

h. Refer to note sixteen under same heading as above before putting 
cylinders into position. 

i. Refer to note three under heading •'Instructions for First Run 
after Installation*' for timing of magneto. 

k. The c<»rrcct position of oil ]unn|) co>cts is marked by a groove 
on edge of cover and top edge of pnin]>. Tbesu should he in line. 
This can Ihj checked as follows: The offset of spindle on ctjvcr 
should be ]>laced .so that the offset is t<nvards and in line with the 
top right hand screw hole when facing the top of pump. 

When the engine is asseinliled an<l installed in machine, follow all the 
instructions under heading "Inslructums for First Hun after Installation." 

The A. B. C. "Hornet” Engine.—A light jJane engine of distinctly novel 
ty])e has recently been pixxluced by A. B. C. Motors* Ltd., of \Valton*ou- 



Fiff. 476A.^Three«Querttr Front ind Rear Viewi of the A.BX. "Flat Twin" Type 
Hornet Four^Cylinder Engine. Note Smalt Frontal Area Poaaible with Thia Con* 
ttruetion. Valve Operating Meehaniam Placed at Front and Rear of Engine Actuatea 

Neareat Valves. 
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Thames, England. Known as the ‘'Hornet.** the new cngijic may be said to 
be a development of the smaller type (the ’’Scorpion*') which the writer has 
just described aiul whicfi this firm has had in production for some years, and 
of which considerable numbers are in ii.se on the Continent, especially in Cier- 
many. Like the “Scor|>ion/’ the “Hornet" is an air-cooled "flat twin," but 
with the difference that it has four cylinders instead of two. By retaining the 
"flat twin** arrangement, an engine of very low frontal area has resulted, and 
the mechanical balance of the new engine is excellent. 

Its compactness is clearly shown at Fig. 476 A. The alnniimim crankcase 
is of cyliiHlrical shape, and is in three pieces, the joints UHitg vertical, ami in 
line with the cylinders, spigoted and fastened by lK>lts and nuts. At the bases 
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Pig. 476B,—Some Conitructional Details Showing Front Portion of Hornet Crankshaft 
with Special Floating Bush Big End Construction Outlined. Note Also Wristpin Con¬ 
struction Showing Locking Arrangement. 


of the cylinders are four long lailts. two on each side, which run right through 
the crankcase from front ti> liack ami serve for mounting the engine in the 
aircraft. If desired, it is ]K>ssih1e to supi>ort the front of the engine from the 
forward ends of the Indts, a.s wdl as from the rear cn<!, but the crankcase Ls 
very sturdy and rigid, and jmdiably it will lx* quite satisfactory to mount the 
engine from the back only by a plate attached to the rear end of the four 
mounting l»olt.s. 

The front cover of the crankcase houses the short camshaft which ojwratcs 
the valves uf the front cylinders, and aJs4) the front journal roller barings 
and the double thrust hall race. TIk rear cover cmilains the two oil pumps, 
which arc fornicd as a unit, ibc taclmnielvr <lrivc. and llu* camshaft for the 
rear cylinders, The crankdwfl is of tin* (w<►•throw tyiv. cadi pin Iwing long 
enough to uccunmiiKlatc two bigH'uds side hy side. It i.s carried in three 
lK*arings, of which flic front and mir jourtial Ix'arings are of the roller tyjK;, 
while the center bearing is a plain phosphor hrunxe bush, split and supj>orte<l 
in a circular plate. 
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The cylinders are of heat-treated steel, machined from solid, while the 
cylinder heads arc of cast-iron. • Incidentally, the cylinder heads are identical 
with those of the A. B. C. ''Scorpion/' Mark II, as are also the pistons and 
certain other parts, so that u.sers of both types of engine have here an advan¬ 
tage in the smaller number of sjiares which it is necessary to stock. There 
are two valves |)er cylinder, operated by push-rods and rockers from the two 



camshafts on front an<! back of the engine. As the enpnc is provided with 
dual ignition (Watford dual-spark magneto), there are two sparking plugs 
per cylinder. Aluminum alloy pistons are used (identical and interchangeable 
with those of the “Scorpion"), fitted with fully floating gudgeon pins. The 
connecting rods are of H .section, and the big-ends have plain, fully floating 
phosphor-bronze bearings, details of these being shown at Fig. 476 B. Both 
the big-end bearings and the center bearing are force feed lubricated. 
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The back cover of the engine houses the two oil pumps (pressure and 
scavenger), which are of the eccentric<operated plunger type, and of equal 
design and capacity. Provision is also made for fitting a fuel pump if desired, 
although in most instances direct gravity feed will proliably be employed. The 
induction system is of very simple type, the manifold being cast integral with 
the central portion of the cranl^ase and thus the fuel mixture is heated and 
the crI cooM at the same time. From the central manifold under the crank- 
case pipes arc taken to each side, with forknt pi])es conducting the mixture to 
the separate cylinders. 

SPEnnCATIONS 


Following arc the main data relating to die A.B.C. “Hornet”: 

Cylinder Iwrc . 4.015 in. (102 tnm.) 

Cylinder stroke . 4.a in. (122 mm.) 

Cubic capacity . 243 cn. in. (3.990 c.c.) 

Normal power . 75 b.hp. 

Maximum power . 82 b.hp. 

Normal apecd . Ijt75 rp.m. 

(jasoHne conMimption (Kty;( aviation spirit. 20% limrol) 053 i>t«./h.hp./hour 

Oil constimption . 0.(Xt5 pts./1>.hp./hour 

Starling . Inipulsc Martcr fit led 

Wei gin of engme nnnpletc . 225 lb. (1022 kg.) 

Specific weight fiiii nuniiat pi»wcr) . .1 fh./hp. (I.Vi kg./hp.) 



Plf. 477.»Meteonnotor Radial Air-Cooled Engine ie a Four-Cylinder Two-Cycle Type 
of Distinctive Design. View at Left Shows Small Sise and Light Weight of tlii# 

Engine. 

The Meteormotor Radial Engine.-^This light four-cylinder X-type 
motor was developed primarily for use in the Meteorplane, a light, sport 
type that had flown with various motorcycle engines. When powered with 
the motor illustrated at Figs. 477 and 478. the maximum speed of the plane 
was increased to 90 miles per hour and the ceiling to 15.000 feet. The latest 
model has copper cooling fins instead of integrally cast iron flanges. The 
engine operates on the two-cycic principle. The cylinders arc made of the 
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Anest ^ain gray iron, machined both inside and outside, and ground. By 
a special process, the copper cooling fins are electrically united to the cylin* 
ders. The crankshaft is of special heat treated chromc'vanadium steel, 
machined and ground from a solid 90 ))ound piece and, when finished, 
weighs only 6}i pemnds. The crankcase is of silicon-aluininum and. for 
ease m installing, it is fitted with four mounting brackets. Special tubular 
connecting rods are used in the engine, with steel backed babbitt bearings. 
1'he pistons are of line grain cast iron and carry three rings and weigh but 
ten ounces. The valves are of large size and made of tungsten-steel with 



Pig 478,* «Model 79 Irwin Twenty Horsepower Radial Air-Cooled Engine which 

Weighs About 60 Pounds. Without Propeller and Hub. 

bronze stems. Ibith the main and thrust hearings have **ifi-inch diameter 
))alls. A 5i»ecial Winfield carburetor is used, and a high tensiim Bosch 
magneto furnishes the ignitum. Lti?)rication is by pressure and can be 
regulated from the <iash in the pilot's cockpit of a plane fitted with this 
engine. The complete weight of the Mete<irmolor, including carburetor, 
magneto and propeller hub. is only 60 pimnds. The cylinder capacity is 
79 cubic inches. The engine, which is very smooth in running, develops 
twenty horsepower, at 2,000 r.p.m., and consumes lyi gallons of gasoline 
per hour and yi pint of lubricating oil. The simplicity of the engine is evi¬ 
dent from the illustrations. It will l>c seen that, contrary to usual practice 
with radial engines, the engine bearers arc not arranged to attach onto a 
circular casting, but hold the engine down by means of two flanges attached 
direct to two longerons. This makes for simple installation. 

The Szekely SR3.~The O. E. Szekely Corp. of Holland, Mich., has been 
consulting and industrial engineers to various manufacturers for a number 
of years and as a result of the experience gained in this work, it reached 
the conclusion alx>ut a year ago that there would be an ever increas¬ 
ing sale for simple, light weight, reliable, air-cooled aircraft engines, em- 
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boOying many of the exclusive features which have worked out so well 
on equipment it has designed for others. Accordingly it undertook the 
design of a threeH'yHiider» radial, air-cooled engine for light aircraft, to ))e 
followed in the near future by a five-cylinder, using practically all of the 



Pif. 479.—Stekel^ Three-Cylinder Engine and Some of its Principal Parte. A— 
Cylinder Aseembly. E—Timing Gears and Came, Showing Tappet Actuatori. C— 

DU Pump Unit. 


parts of the threc«cy1iiuler engine. 

The extremely simple outward appearance of the three-cylinder design 
as shown at Fig. 479 coinmciKls it t<i approval for the cnily visible moving 
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parts are the push rods and rocker arms» all remaining parts being entirely 
closed. The engine has a bore by 4%-inch stroke, giving a total 

piston displacement of 190 cubic inches. Operating at its rated speed of 
1,800 r.p.m., 40 horsepower is guaranteed; as a matter of fact, actual brake 
tests are said to show that this engine develops over 42 horsepower. The 
compression ratio is 4.8:1. The mounting flange for the engine consists 
of a round machined pilot fitted into the engine bracket on the plane. The 
engine is held in place by six tie rods, each of which passes entirely through 
the engine, so that the front cover, crankcase, rear cover, and mounting 
bracket are securely locked together as shown in installation drawings at 
Fig. 481. 

The cylinders which arc shown at Fig. 479 A arc chrome nickel gray 
iron, with cylinder head cast integral and are hold ti» the crankcase by four 
studs. Each cylinder has a skirt or piston gtitde extending approximately 
2^*inches into the crankcase. Intake and exhaust ])assHgcs are scraped and 
sand blasted and the entire cylinder is provided with numerous thin fins 
to pnwide ample radiation for the air cooling. Valve seats arc part of the 
cylinder and are a 45 degrees angle. Two valves are used in each cylinder, 
these being silchrome steel, mushroom type. 45 degrees scat, providing a 
clear gas flow area of 2J4 square inches. The valves are l*^fl-inches 
diameter by ^J^yinch lift. The valves arc actuated fnjm the cam through 
hollow push rods with hardened ends and bronze bushed dr(»p forged rock¬ 
ers. Tappet adjusting screw is placed in the rocker and locked in position, 
after adjustment, by a cap screw. 

The lubricating system is interesting. A double type gear pump is 
driven by a bronze spiral gear directly from the crankshaft as shown at 
Fig. 479 C Four spur gears are used in the pump itself, the upper set 
receiving oil through a f^-inch line from an oil tank in the plane and deliver¬ 
ing it, under pressure, to the connecting rod bearings and, by splash, to 
the main bearings, gears, and cylinder walls. Two otlicr gears form the 
scavenging pump and are slightly larger than those of the delivery pump. 
This picks up the oil from the lower part of the case, to which the surplus 
runs, and delivers it through a fi-inch line to the oil tank. An interesting 
innovation from usual practice is that the oil relief valve and the take oif 
for oil gauge arc placed at the rear of the engine so that oil pressure read¬ 
ing is taken after the oil has passed entirely through the engine. The 
pressure at the pump is approximately six times the reading given at the 
rear of the engine. This is said to be an additional safeguard, as it shows 
the flier that each part of his engine is receiving sufficient lubrication as 
long as oil pressure shows on the gauge. A gauge pressure of four pounds 
per square inch to ten pounds per square inch is recommended, tvhich 
means the pump pressure usually note<l on other engines is 40 pounds per 
square inch to 60 pounds per square inch. 

The crankcase is of aluminum alloy, with front and rear covers of the 
same material. These covers hold the main bearings. The main crank¬ 
shaft bearings as shown at A, Fig. 480 are of the roller bearing type and 
located as close to the center of the crankpin as it is possible to get them, 
thus reducing vibration to the minimum. The intake manifold is cast as 
an integral part of the crankcase, in the form of a circular chamber with 



THE SZEKELY SR3 ENGINE 


1009 


opening flange for carburetor al the of the engine as at C. Fig, 480. 

Three outlets from this circular chamber are connected to the cylinder by 
an individual aluminum intake manifold, which fastens to each cylinder and 
is packed in such manner with gasket at the crankcase that expansion and 
contraction may occur without putting a strain on any part of the engine 
and without permitting air leaks. 

The crankshaft itself is 3140 S.A.E. material, having a diameter of 
1 indies. The connecting-rod fxjaringon the crankshaft is 1 inches 
by 2 inches. The crankshaft is a single piece drop forging, to which 
counter-weights arc nddccl to insure perfect balance of the engine itself. 



Pig. 460A.-*Crank9haft Assemtly of Sztktly Engine. B—Connecting Rod As- 

Bembly. C—Rear View Showing Magneto Installation. 

The propeller thrust liearings is an S.K.l'. Iwaring of the deep groove, 
radial ball bearing type and is taken directly 1>ct\vecn the front of the 
crankshaft and the friml gear c<»ver of the engine Itself. The propeller hub 
is steel and heat treated for maximum strength. Each propeller hub is 
lapped to the crankshaft of its own engine, in addition to the precisi<m 
operation of grinding l>oth the hub and the crankshaft. 
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Connecting-rod assemblies shown at B, Fig. 480, are drop forgings, heat 
treated for toughness anti machined all-over. The iipi>er end of the con¬ 
necting rod is bronze bushed. The lower bearings arc .sections oi a cylinder 
cut on an angle with the axis of the Iwaring and contact with a bronze 
bearing, the internal portion of which is Imbhitt lined «ind free to revt»lvc 
around the crankpin. Oil pressure is delivered to the main connecting- 
rod hearing and to each individual connecting-r<»d bearing. This connect¬ 
ing-rod a.sseinbly is said to provide greater insurance of complete lubrication 
and larger bearing surfaces in pro]X)rtion to the load placed upon them than 
conventional practice of a ma.stcr ro<l with rontul ]>in hkIs o]>eraling from it. 

The pistons are of alumiinim alloy, solid skirt type, each e([uii*ped with 
three J^-iiich pistmt rings. The piston pin is ludUnv, hardened and ground 
and bears in ]>iston bosses in tlic almnhium t>iston at either side, but is of 
the full floating ty]>e. in that it is free to turn both in the piston and in the 
connccting-rt)d Waring. 

The cant arrangement shown at U. Fig. 479 is interesting and, while 
novel, ha.s heen use<l in c»ther services for a number of years by the Szekely 
c»rg*anization. so that nothing untried is being used in this Tes]>ect. There 
is but one cam to operate Ixiih the intake and cxhan.st valve on each cylin¬ 
der. 'I'his cam is driven fnmi a spur gear iin the crankshaft attd operates 
the valve through the mean.s of a hardened and ground cam follower, which 
is bronze bushed und located by means id a hardened and ground pin 
fastened to the crankcase. 

'j'hc ignilioii system consists of two Kid>ert Bt»sch magnetos mounted 
on a shelf which is an integral i^art of the rear cover as shown at C. Fig- 
480, and driven from the engine by means <d spur gears. Each magneto 
fires a sparktdug on each of the three cylinders, so that the engine is pro¬ 
vided wdtli two iiKlependent ignition sources. The carburetor is suspended 
below the engine and connected tn the crankcase by a venturi type mani¬ 
fold. It is the Zenith 1}^ inch Imlanced airplane tyi>e. The weight of the 
engine, with all accessories, is giiaruntced by the manufacturer not to ex¬ 
ceed 153 poll mis. 'Hie average jirmlnctiun engine weighs apjiroximately 
148 ptninds. 'Ic.sts have demonstrated that this engine is ideal for a single 
or two ]>lace plane having fnmi J5 to 30 feet wing span and weighing be¬ 
tween 475 ami 5i5 pounds. As instulled in such a plane, the engine turns 
a 40 hf>rsei>o\ver propeller at 1.725 r.p.m. on the ground and belter than 

l. 8,50 in the air, in Ibis way giving an ideal cruising siieed of from 80 to 85 

m. p.h., at an engine sjieed of from 1.550 to l.fiOU r.p.m. Flight tests show 
that the fuel coiisumption. under average cmiditions, is approximately .58 
pounds per ln»rse|iow'er hour, with an oil consumption guaranteed not to 
exceed .029 jMuinds per horsejKiwer hour. 


QUESTIONS FOR REVIEW 

1. What type of Motorcycle ciigihc can Ur u^d for 9.\ust\ planes? 

2. Describe typical "flat twin" airplane engines. 

3. What ii an impurtani feature of thr Mcrcrdes-Bciir engine for light planes? 

4. Describe the Rrwlol "Cherub" engine. 

5. Outline Construction of A.B.C. "Scorpion" engine. 



CHAPTER XXIX 



MEDIUM POWERED AIR COOLED ENGINES 

The Americart *'Scorpion”«The Dalton **Bear" Engine^Le Blond Aviation Engine— 
The Warner ''Scarab" Engine—The Super Rhone Engine^Velie Aircraft Engine 
^Anaani Aviation Hotora—Cylindcra and Crankcase—Piitona—Valvei and Rocker 
Arm^Inlet Manifold—Connecting Rods—Crankshaft—Distribution—Timing An- 
aani Engine—Anaani Engine Care and Operation—To Stop Engine—Standard 
Anaani Adjustments—Preparation to Start Engine—Starting the Aruani Engine- 
Disassembling the Engine—Valve Grinding—Cleaning Pistons—If Anzsni Engine 
Palls to Start—If Engine Stops—If Engine Misses—If Engine Fails to Develop 
Power—If Engine Overheats-^lmson Air*Cooled Engines. 

The American Scorpion Engine.—The Scorpion is a four-cylinder-in- 
linc air-co<»le(l motor, recently announced by llic Aeronautical Products 
Corporation of Nau^^atnek, Connecticut. The cylinders are inch bore 
by five inch stroke an<l the weight of the engine is given at 290 pounds, 
equipped with two magneton and a Zenith carburetor. The engine is stated 


Isduciton manifold 


Ortvstoy 


Fig. 482.—American "Scorpion" Poar-in«Line Air*Coo1ed Engine. 

to deliver 100 horsepower at 1JOO r.p.m. and as will be apparent by study of 
the illustration at Fig. 4^^2. it is extremely simple in outline and rugged in 
construction. The distinctive feature is the overhead valve actuation for 
the camshaft rockers and springs on the top of the engine, completely en¬ 
closed and with oil circulation through the camshaft housing. A patented 
type of cantilever s])ring is use<l for the valves. The exhaust valve is salt- 
filled to insure adequate cooling. The cylinder construction is an alloy steel 
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ntallatioQ Drawing Giving Principal Dimenaiont of American ** Scorpion 
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forging with the fins milled thereon, and is screwed into an aluminum alloy 
head which has aluminum bronze valve scats. The camshaft is driven by 
bevel gearing from the antipropcllcr end of the motor. It is stated that this 
motor C€in be mounted in the same engine bed as the Curtiss OX or His- 
pano-Suiza. 

The installation drawing at Fig. 483 shows the main dimensions of the 
engine very clearly. The crankshaft is of the conventional form. The 
crankcase is of the barrel type of aluminum allny, having a detachable oil 
pan bolted to the bottom. The design is clean cut and the engine should 
be remarkably easy to take care of which will make it suitable for the aver* 
age flier. It has ample iMJwer to fly existing types of two- and three-place 
ships of moderate weight. The internal mechanism is carefully balanced 
so that the engine will run with minimum vibration. 



Pig. 4S4.«Da7ton ‘'Bear” Four-Cylinder Air-Cooled Engine. 


The “Dayton Bear'* Engine.—The “Dayton Bear*’ made by the Dayton 
Airplane Engine Company, of Dayton, Ohio, is a four-cylindcr-in-line, air¬ 
cooled engine, bnilt with the latest type of aluminum alloy cylimler head, 
on a nick cl-iron, cast cylinder. The engine is not new. nor radical in any 
of its features, and involves no untried ideas. The “Dayton Bear” is at 
present rated 110 horsepower at 1.550 r.p.in., but wdll develop a higher 
horsepower at a higher r.p.m. The bore is 4.5 Inches, and the stroke seven 
inches. The engine is sh<iwn at Fig. 484, With double magnetos and the 
carburetor as standard equipment, less propeller and hub. the complete 
engine weighs 375 pounds. Cnnsidcriiig that this is a wet sump engine, 
the weight is not excessive, as the weight of an oil tank and piping should 
be allowed. Neither is the “Dayton Bear” of extreme lightness, as the 
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engine is built rugged with a view to endurance and low Tnaintenance costs. 
An additional drive unit has been provided, which will <lrive either a C5 
fuel pump, or gear oil pump, or both. This takes care of those plane 
builders who want a fuel pump, or a dry sump engine. In converting to a 
dry sump engine, it is only necessary to add the pump, and change from 
one to two external pipes on the crankcase. Full force feed lubrication is 
provided to all plain bearings in the engine, while the ball-bearings are oil 
sprayed. 

The crankshaft is five bearing, of sturdy con.siniclion. and held in place 
by babbitted sleel-backed main bearings, Mhich in turn carry tbeir load 
through to the cylinder head by long Ihroiigb-bolls. llnis relieving the 
crankcase of all explosion strains. These ibrnugh-bolis clauiji the cylimler 
hea<ls u|Hm the cylintlers, the seal being made by metallic gaskets. By the 
removal of ten nuts an<l two oil conncciions. all four beads may be removed 
for inspection or grimllng. Tlic cylinders a1si> may m>w be lifted off in¬ 
dividually for further in^|)ection of pistons and Hugs. 

The aluminum alloy beads have smoothly spherical compression^cham- 
bers, with overbcatl valves seated in aluiiiinuni bronze seals. T\V4> dia¬ 
metrically oppo.sed sjiarkplug ojvcnings arc directly below the valves, and 
are also bronze busbctl. To insure e<jual pressure on all cylinder heads 
where the through-lnilt.s are in conumm. e<|ualizcrs with ball .scats are use<l. 
The overhead camshaft and housing, which serve to boltl the cylinder heads 
cnbloc are very similar in construction to that used in the Liberty engine. 
The uliunilium crankcase carries all bearings mounted in the upfier half, 
so that the lower portion or sump may be removed for inspection without 
disturbing the cranksliaft. The oil pum]i is located in the sump submerged 
ill oil. Baffle plates are inverted above the oil to prevent excessive splash¬ 
ing. 

The cylinders are very simple, well finned barrels of nickel-iron, which 
are honed to a dead snuxith fini.sh. The aluminum-alloy pistons have three 
narrow rings near the to]) and are lloated on the piston pin. The connecting 
rods are steel forgings of the eye-beam section machined all over. The en¬ 
gine is adaptable either as a tractor or ]msher, without change, as a double 
ball-thrust bearing is provided at the propeller end. These qualities, com¬ 
bined with a comparatively low co.st, shiuiltl make this engine very desirable 
for the builder and the u])eralor of the smaller planes of the two and three 
place tyjies. It should prove very serviceable to the airpl.iue .schools, both 
for the stinlont ami the luecbaiiic. as it is a ty|>e of engine familiar to nearly 
everyone in airplane circles, 

TIic general specifications of the ** Day Ion Bear*\enginc arc as follows: 


Pore . 4.S iewhe^ 

SiTokv . 7.0 

ConipreMsii 111 rutio . lo I 

Rated lip. at t55U rp.m. 110 

Weiglii . 37S lbs. 

Heiglii . iikchrs 

Width . 18^ iwhea 

Lenftli . 47H indies 

Fuel Ciiimmptkiu . .475 

Oil (‘m 1*411 rnption ..'.0)75 
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LeBIond Aviation Engines.—The onjjinal development of the LeBIond 
Sixty design has been going on for over a period of three years, several 
engines having been built, thoroughly block tested, and flown in several 
types of airplanes in all parts of the countr}’ by a number nf experienced 
pilots, Their rc|KJrts arc said to have been extremely favorable. This ex¬ 
tended development |)criod has allowed sufficieitt time to make minor im¬ 
provements in the design and methods of manufacturing; in other words. 


Valve »prin. 
enclosurts 



0-1 


SpeNiplui 





Cefburetor 



Pig, 4$5A.^Propener End of LeBIond Three-Cylinder Aviation Engine. 

eliminate any of the so-called “bugs*’ which arc always present to some 
extent in any new engine no matter how well designed. The engineering 
organization responsible f<»r this development includes men of wide experi¬ 
ence who are well known throughout the imlustry. The airplane manufac¬ 
turers who have decided to use or arc ccmlemplating using LeHlond engines 
will naturally welcmne the assurance that there are sufficient resources 
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and manufacturing facilities behind the organization to produce a quality 
product in ample numbers to meet their demand. Before describing some 
of the more interesting features of the tlcsign, it would be well to first 
direct attention to the advantages in interchangeability of parts as repre¬ 
sented in the l.eUlond Forty. Sixty, and Ninety models. Fully 88 per cent 
of the parts used in one model can be used in cither one of the others. 



Fig. 485B.^Anti-propeller End View of LeBlond **Porty** Three Cylinder Aviation 

Engine. 

Moreover, there is har<lly an instance where the t<K>ls and fixtures, or a part 
of them, will not lie used for pnidticing a corresfionding part, which must 
necessarily be sotnewhat dilferent becatise of the number of cylinders. 

LcHlond aircraft engines are said to he especially economical in the con¬ 
sumption of fuel and oil. This coupled with a low initial cost and slow 
depreciation brings air travel within the reach of most every one. The 
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smaller engine of the scries, the three-cyUnder LeBIond Forty shown at 
Fig. 485 is to fill the powerplant requirements of the small single-seater 
sport or two-seater sport and training plane. The manufacturers have at¬ 
tempted to make this the smoothest operating three-cylinder radial engine 
that has ever been built. This engine follows closely the five-cylinder de¬ 
sign, hence the accompanying description for the most part applies. Per¬ 
haps the most interesting point of dilTercnce is the connecting ro<l con¬ 
struction, since the link ro<ls and wristpins are identical with those used 
on the Sixty and Ninety tnudels. 


A >«»' • 



Carburetor 


Pig. 4a6.^PropeUer Hab End of the LeBIond Pive*CyUnder. Static Radial Aviation 

Engine. 

The five-cylinder LeBIond Sixty engine shown at Fig. 486 is particu¬ 
larly suited for the ]>rivately owned twtHseatcr open or closed airplane. It 
can handle a light thrcc-scater jdane. but is not generally rectmimended as 
the makers IktUcvc in plenty of rcs<*rvc |w)wir as a inatliT uf safety. The illustra¬ 
tion at Fig. 487 A shows the connecting rod construction used in the Le¬ 
BIond Sixty. The rods are completely assembled on the crankshaft and 
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the whole assembly is inserted into the crankcase through the large open¬ 
ing at the front. The connecting rods are heat treated drop forgings of 
nickel steel. 1'hc babbitt in the maslcr hhI is applied directly to the steel, 
thus eliminating the troubles encountered with a separately fitted bronze 
backed bearing. Although the rods are fairly light, the construction is 
extremely rigid and perhaps as simple as an articulated rod arrangement 
ci»uld be made. 

The crankshaft illustrated at Fig. 487 B h shown as an assembly before 
the connecting hhIs arc attached. This piece is a heat-trealed drop*forging 
of nickeUcbroiuinin sled and it is finished all <iver. Tlic cnuniervveighls 
are made from a tough grade of bronze, being supported against lugs on 



Fig. 487.«~Fartft of LeBlond Five>CyUnder Radial Engine. A^Maater Connecting 
Hod Aiaexnbly. B^Crankshaft and Bail Bearing Assembly. C^LeBlond Cylinder. 


the crankshaft and each hchl in place by two screws. The rear ballbearing 
is finally supported in a sled sleeve held in the central wall of the crank* 
case, while the ftiml baU-bcariug which also carries ihe propeller thrust 
loads, is supported m the crankcase cover that doses this large opening 
at the front of the crankcase. 

The crankcase slu>\vn at Fig. 488 A is of cast abnninum alloy, heat- 
treated to give high tensile strength. The inlet passage is cored in this 
casting, thus effecting a small num1>er of manifevid joints as well as pro¬ 
viding other important advantages. The cam follower bushings, which 
are pressed in pbace, are cast from a fine grade of bar<l iron and the holes 
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are ground to dose limits. The cam followers and rollers are assembled 
into the crankcase before the gearcase assembly is attached to the flange 
at the rear as shown at V\g. 488 B. 

It may be observed from the illustration of the gearca.se assembly at Fig. 4S8 
C that the cam drive shaft pilots into the emi of the crankshaft and is driven by 
offset lugs which will not permit of incorrect a.ssenibly. in other words, the cam 
and magneto timing doesn't need to 1>c* reset each time the gearcasc assembly 
is removed. The cam floats on the cam drive shaft and lines up with the 



Fig. 48a.—Views Showing LeBlond Crankcase Construction. A—Crankcase with 
Cylinders Removed. B—View of Crankcase with Cam Follower Rolls and Plunger in 
Place. C—View of Accessory Case Showing Three Lobed Cam and Magnetos. 1^ 

Rear View of Crankcase. 


cam follower rollers when the gcarcase assembly is in tdace. A single ring 
cam as shown is used to operate all valves. In the three-cylinder engine 
a two lohe cam turn.s one-fourth crankshaft speed; in the five-cylintler 
engine a three lobe cam turns at one-sixth crankshaft .sjieed ; while in the seven- 
cylinder engine a four lohe cam turns at one-cighlh crankshaft speed. The 
cam has a l>ron 2 e hushing, and (he cam drive shaft, idler shaft. an<] magneto 
drive shaft arc ai.so carried in bronze bushings and all arc fed oil directly 
under pressure from the pump. The timing <»f the valves is efTccted through 
the adjustment provided in the gear and timing flange by the scries of 
holes and the four screws. 
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The oil pump is removable as an assembly. It contains two compart¬ 
ments, one for the pressure and the other for the scavenging gears, each 
with screens for trapping foreign particles in Ihc oil. The driving gears 
are of steel and the driven gears of bronze. An oil pressure relief valve 
for controlling the oil pressure is also located conveniently in the pump 
body. The connections for oil lines to and from the tank can be adjusted 
to any desirable position. 

The cylinder which is shown at Fig. 487 C is a one piece casting of the 
finest grade of nickel iron with integral co<ding fins (d nnijilr surface. The 
valves seat directly in the cylinder head and the external portions of the 
valve gear is enclosed. All valve gear parts arc interchangeable. The out¬ 
side of the cylinder is fini>hed with a fine gra<le c»f black stove enamel which 
adds greatly to the appearance, and to the heat dissii»nting ([ualilies of the 
cylinder as well. The cylinder bores are honed, giving the finest surface 
obtainable. The cast-iron cylinder has many advantages when used on an 
engine for commercial pur|>oses. First of all, there is little <langcr of cyl¬ 
inder failure tii»r an a])])rcciable lo.ss in ]H»vcr when conditions arc such as 
to cause cylinder temperatures above normal. It has also been found that 
excellent fuel economy is obtained. an<l that no harm will re.sult from sud¬ 
den changes in temperature as is somctime.s the case w ith other materials 
and composite construction. It is ini|Hissihle to prixluce a diiTerent ty])e 
of construction of ecjual output and durability commercially w'ith anywhere 
near the low cost, ease am! certainty ot ]>rcKluction that re.suIts from the 
use of a single piece cast-iron cylinder. 

The pistons are made from a cast aluiiiinum alloy. There arc two com¬ 
pression and one oil .«crapcr ring localc<I above the piston pin on each one. 
The piston pin is har<]cned and lap|>cd and it floats in the hhI and piston, 
there being duraluiuhi pings in each end to prevent scoring the walls of 
the cylinder. 

Zenith carburetors of the concentric float type and provided with alti¬ 
tude mixture control arc standard equipment on all models. The carburetor 
is attached to the low er side of the oil sump, the mixture passing through 
an opening in the sump where the heal from the oil surroutnling the walls 
helps to vaporize any heavy ends of the fuel. Air hcaler.s will he available 
as extra equipment for customers who prefer them. Tw'O Scintilla mag¬ 
netos for dual ignition arc standard equipment on each model. Booster 
type units can be furnished at slight additional expense. 

The sevcn-cylindcr LcHlond Ninety engine shown at Fig. 489 is an ideal 
power]>lant for any of the three-place commercial ship.s that have been us¬ 
ing a 90 horsepower engine. The makers firmly believe that it occupies 
less space and represents less head rc.sislance than any engine of approxi¬ 
mately Its horsepow'er so far intm<lncetL The most interesting <lctail which 
is different from the two smaller models is the connecting rod construction. 
The specifications of the various engines follow: 

SPRCIFIC ATIOKS OF I.K Ifl.ONI) FORTY 


Type. 

Nci. of Cylinders 
Bore . 


Air*c(ic>lcO Radial 
3 

4.125 iiL 
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Stroke .....3.750 in. 

DiapUfeD«nt .150 oi. in. 

Rated Horaeposvcr .40 at l*)n0 RP.M. 

Wrijjhl. omiplelc .168 IU,s. 

Diameter overall.32.75 in. 

Length overall .21.94 in. 

Fnel ConMimption (lb. per hp. hr.) .Max. .55 at rated power 

Oil C<>l 1 ^u( 1 *p(iot 1 (fls. per bp. Iir ) .Max. .03 at rateil power 

srKcu* I CATIONS or lk ri.ond sixty 

Type .Aif'C^xilH Radial 

No. of tVdndert .5 

R»»ri' .4.125 in. 

Stroke .3 750 in. 

Dwplact-ment .250 cu. in. 

Rated Hc»rvpiuvcr .(iO >t 1800 R. P, M. 

Weight. c<nnplcic .210 lbs. 

Diameter overall ...32.75 In. 

I.eiiglb overall .21..S6 in. 

Fuel Con H mil I it it 11 (lb. (wr lip. Iir) .Max. ..55 at rated power 

Oil Con'<uiiipiiofi <1b |H'r bp. lir.) .Max. .03 ai rated power 


SPI'XIFIC.STIONS or 1-R RLONl) NINETY 

Type .Air-ctutW Radial 

No. of (flinders .7 

Hftrc .4.125 in. 

Stroke .3 750 in. 

Ditiplacement ..3.S0 cu In. 

Rated llorsc|xiwiT .90 at 18.50 R. P. M. 

Weight. cofitpUic .250 lbs. 

Diameter overall .32.75 in. 

I^iigtb overall ...2225 tit. 

Fuel Oinsiiniptioii (lk jier bp. hr) .Max. .55 al rated power 

Oil Coiixmiiptinit (lb. txT bp hr.) .Max. .03 at rated power 


The Warner “Scarab**.—The engine is a seven-cyliitder, static, air- 
cooled, radial of couviriiltonal dcsijjn rated 110 horseptnver al 1.8S0 r.p.m., 
thoup;h it has devclope«l 122 horsciuiwcr at 1.050 r.p.m. which has made 
an c.xcclknt record siticc its introductiiiit. Dry, \vitli<nit starter or hub, it 
weighs 270 potimls or 2.4S ])ounds per rated horsc)><>\ver. The compression 
ratio is 5.2 atid it operates at a mean ciTectivc pressure of 112, The dis¬ 
placement is 422 ciihic inches and the lx ire and stmke 4.25 inches hy 4.25 
inches. It is .stated that speedhe fuel consiim])tion at full throttle is .487 
pounds per horsepower hour or 9.3 galkm.s per hour and that oil consump¬ 
tion is .008 pounds per luirseiiower hour. The engine is quite small and 
presents a very clean ap])carance. The overall diameter is 35 V5 inches while 
the overall length is 27'/* inches. All accessories are placed in the rear and, 
according to Warner, designed with a view to minimising the amount of 
time required for installation and io make it comparatively easy to stream¬ 
line the cowling. The engine is shown at Fig. 490. 

Cylinder barrels arc chrome molybdenum forgings, while the heads arc 
of Bohn aluminum alloy. Adequate cooling fins are provided: they extend 
over the head and around the valves. The comhustion-chamher is hemi- 
spherical with two valves, one intake, and one exhaust at the sides, and 
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^vith two AC sparkpluprs, one in front and one in back, diametrically oppo¬ 
site. Aluminum bronze valve seats are shrunk into the head; the two 
valves are of the tulip type set 45 degrees ap«irt. They are 1J/J inches in diam* 
eter and have a lift of .406 inch. The intake valve is of Uing.sten steel 
while the exhaust valve is a cobalt alloy. The double valve springs are 
exposed, as are the rocker arm.s as far back as the fulcrum point. Behind 



Fig. 490A.—Side View of Warner '*Scarab'* Engine. 


this, the valve mechanism is housed in an aluminnin alloy box, the alumi¬ 
num cover of which may be easily removed to make tap])ct adjustments. 
The valve gear mechanism is thus protected from dirt, while the springs 
are exposed for cooling purposes. The sides of the box also act as supports 
for the rocker arms and are bolted to the cylinder head with two tnch 
bolts. The rocker arm operates on a bronze bearing lubricated by a Zerk 
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Alemite fitting^. Th« cylinder head is shrunk and bolted to the barrel. 
Eight bolts arc used to attach the head to the barrel and eight bolts are 
used to hold the cylinders to the crankcase. The skirt of the cylinder barrel 
projects about inches into the crankcase to prevent surplus oil from 
running into the cylinders. 

Permanent mould pistons of Hohnalite arc used. They are of flat head 
design with two American hammered compression rings and one Perfect 
Circle oil scraper ring. They weigh only one pound Uve ounces each. The 



Fig. 490B.^Three Quarter Front View of Warner Scarab" Engine. 


|)iston pin is fall floaliiig and bears ilirectly on the jtistou with bronze bear* 
mgs in connecting Boih master md and link Mh arc of one section. 

The master rod is of iwu piece design with a Inibbittcd hearing for the 
crank pin. Through bolts locate the wrislpin.s which take their bearings 
directly in the master nxl big end. This con si met ion is said to eliminate 
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plug^ng the pin. There are separate oil leads from the crankpin to each 
link rod hearing. The crankshaft is a single piece machined on all surfaces. 
It is very short, making for greater stilTncss. There arc two main hearings 
and one thrust hearing. The propeller hub flange is spliced on to the crank* 
shaft and is part’of the engine. The accessory drive, connected to the 
crankshaft by an Oldham coupling is in the rear. 

The two cam rings in the rear are each one piece forgings, with the gear 
on the inside, an integral part, The cam rings each run at J-jl engine 
speed and each has four 1oIk?s. In c<nuact with the rings arc the roller 
followers working in permanent mould aluminum valve guides and operat¬ 
ing duralumin push hkIs with pressed ball ends. The push rods are en¬ 
closed in aluminum tubes and are fitted with a roller tap])et at the upper 
end. 



Fig. 491.-—Super Rhone Radial Air-Cooled Engine. 


The crankcase is made up of two heavily ribbed halves joined on the 
center line of the cylinders. This con.struction is said to facilitate the as¬ 
sembling of the connecting rod and crankshaft as a unit, reducing produc¬ 
tion costs. In addition, it assures more uniform and sound castings and 
eliminates a number of foundry problems. It is made of aluminum alloy. 
The intake manifold induction system is carried in a separate casting bolted 
to the rear of the crankcase. It consists of annular induction ring with 
manifold pipes connected to it and bolted to the sides of the cylinders. It 
is circular with a diameter of seventeen inches having eight mounting studs. 
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Mounted below and to the rear of the cylinders is the Stromberg 
NAS5A carburetor with the intake heated by the exhaust gases of the two 
lower cylinders. Between the carburetor and the annular induction ring 
is the oil sump, connected to the scavenger oil pump which feeds to the oil 
tank, from where the oil is forcefi by the pressure pump*to all of the plain 
bearings and by splash to the cylinders. The engine is equipped with two 
Scintilla magnetos, each mounted at 33 degrees from the center line so as 
to make them more accessible and to allow for the mounting of a starter 
hciwecn them. The magnetos are driven through bevel gears, on SRB 
ball-bearings, from the counter shaft coupled to the crankshaft. 

The general specifications on the Warner “Scaral/* engine arc as 
follows: 


l ype .Slade rjdial, air cooled 

Number (if ( yliiidcr^ .7 

Numlvr of t'ycle^ . 4 

Prnpcller l)rbc .direct 

Kaivd power .1!0 hp. 

Kaletl M*ced .IH.KJ r. p. in. 

Maximum |xivM*r .122 hp. 

Maximum .P»50 r. j». m. 

Wc'iuht dry, wit Ik rut hull «ir M.iiicr .270 lb, 

SpoHfic Wright.2.45 lb. per tip. 

fiuafiiiiteeil fuel ri»nMiiii|»li(»ii al rated power.lh,/hp./hr. 

(tuarnnteed dil at ru(c<l iHtucr . 0 | lli/tip./br. 

( r►mpreH>i( n\ rain. . 

Mean effe<*livc pressure .112 

PtiTC .4K* iu- 

Stfiihe . M'i »«- 

DisplacemckU .422 cm. in. 

Overall diamckT . 35in. 

Overall IcuKth, wulviul -l.irivr .27yi in. 

lhametvr of nxiuiilin^ riuR .17 in. 

iKUiticn .dual SrhitilU 

t arl I iirct imu .St roii d»c rg N A S5 A 


The Super Rhone Engine.—This is a mndificatkm id n very popular war* 
time engine that was built originally to be a reviilving cylinder fixed crank 
type. A special conversion lia.s been de>tgned and patents applied for by 
Charles 1C. Quick and the mculified engine is prorluced by a firm who piir- 
chase<! the wartime surplus from the tiovermnent. The LeRhonc rotary 
engine, which forms the basis of this engine, was ii.scd by France and Eng¬ 
land in very large <[uanlilies and with excellent results. Converting the 
engine to a fixcil radial type has resulle<l in a marked decrease in fuel and 
nil consumiitiou with a resulting increase in jHwver output because the 
engine can be nm faster w'ith fixed cylinders and the horsepower formerly 
used in turning the cylinders through the air is now' delivered to the crank¬ 
shaft. Most of the American pursuit pilots who were instructed at the 
Third Aviation Instnietion (VniiT of the A, E. K. at Issondon, Indre, 
I'rance. received their jireliminary training on airplanes equipped with the 
l.e Rhone engine. The cylinders are of steel with circumferential flanges 
turned on the barrel and longitudinal flanges milled in the heads. In the 
rotary form, the gasoline was admitted through a hollow crankshaft, and 
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castor oil was necessary for engine Uihricatiou. and large (|uantities of oil 
w^ere thrown out of the exhaust ports as the cylinder assembly revolved. 
This made this form of engine an exceptionally dirty form to ride behind, 
which of course, was true of other rotary typc.s such as the Gnome and 
Clerget. Complete cowling interfered with the cooling and was not used 
so pilots trained with the rotary engines know the taste and smell of par¬ 
tially burned castor oil very well. None of these faults are found in the 
Super Rhone. 

From (he nature of its construction, with its taper jointed counterbal¬ 
anced crankshaft of single throw, complete clisasscinbly can l>c accom¬ 
plished by a mechanic of ordinary ability in thirty minutes time, thereby 
reducing lo.st flying time in schedule service to a niiuimum. The saving In 
weight througli the elimination of the radiator and the water i>ipiiig and 
connections, as well as ibe water itself, permits greater pay-load than with 
the watcr-conletl engine, and. at the same thno, it renu»\es a cause of fre¬ 
quent trotible with consequent fi)rce<l landings. The absence of the radia¬ 
tor reduces head rvsistaiwe. giving greater sj>ced and maneuverability, and 
again reduces cost, The internal coii.stnictiun of parts is |»raclically the 
same as the LoRhonc engine <lescribc<l at some length in a prccc4ling 
chapter. 

In the Super Rhone engine shown at Kig. 491 any complications in efTec- 
tivc air-cooling have been entirely 4ivcrcotne by a sitnjde jirtices.s which 
admits fresh air. un<ler atumspluTic pressure, to the crankcase, .'uid which 
forces a couiplclc change of air within the crankcase with each revolution. 
Thus, excessive accumnlatum of heat at the center i< elimmate<l by the free 
passage of fresh cool air, this temliiig also, hy regulation of temperature 
and pres.siire, to rc<lucc oil coiiMinijition to a niininium. 

The engine imninting which forms the basis of the conversion also 
serves a.s an intake maiiifolil. is a strong, clean aluminum casting of tested 
strength. It carries, on its rear and lower side, a flanged face opening to 
which the carburetor is attached and from which opening the explosive 
gases are carried to a central chamber frmn which they are c<»nducted by 
individual ducts to apertures in the periphery of the casting where the 
intake pipes that lead to each cylinder arc fastened. Thus each cylinder 
draw's its gases as needed frenn this cciilnil chamber, eliiiiin.iting thereby 
the excessive amount of gas in any one cylinder which is the most fre(|uent 
cause of fouling in air-coolcd ctigiiies and c)ften attributed to lubrication 
faults. This engine mimuling has two firoperly surfaced flanged extensions 
toward the rear, two inches wide and thirteen iiiche.s long, which form the 
means of fastening the engine to tw<» engine beds as is the jiraclicc in 
water-cooled types. This cheapens installation cfi.st.s by the elimination of 
expensive circular mounting brackets, and readily adapts the engine to 
installation in the u^ual manner. The engine inounting. also, carries the 
magneto and oil pump, and the scavenger pump, and it is to be noted that 
the engine proper may be withdrawn from this mounting without disturb¬ 
ing fuel, oil or electrical connections and controls. 

The crankshaft of the Super Rhone has been carefully and efficiently 
counterbalanced, and vibration is reduced to a minimum. Theycar'end of 
the shaft extends backward about sixteen inches, and from it are driven 
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the magneto, oil pumps and distributor. The lubrication of the Super 
Rhone is effected with ordinary mineral oil of high viscosity, easily obtain¬ 
able in any locality. Castor oil is not needed. Oil is supplied to the pump 
from which it is forced through a duct drilled through the length of the 
crankshaft to the working paiHs. 


SPF.CTFir.ATTOMS 


The general specifications of the Super Rhone engine are as follows t 


'^■ypr. 

>iiiiiil)i.T i»f cylinders .. 

\Uirt . 

Siri>kc . 

Pi'iion HispUccTncikt ... 
Ctkmprcs'sion thihj .... 
Dir«^i<»n nf rolaiioii . 
Furl oifisKinpiiofi. 

Oil . 

Rateil piruvr . 

Nitrmal sitct't) .. 

Wriflu . 


Aif'CAnlcd fixed radial 
Nine 

lOS mm. nr 4.13 in. 
140 mm. or 5.51 in. 
Ui7 cii. in. 

S2 : I 

O »uii 1 r r *cki ick wi ve 
'*'/i tn lOy^ aal per hr. 

u tn 1 gal. per hr. 
.1>0 hp. 

. 1400 r.pm. 

.340 1b. 


The installation dimensions of the engine are: 


ywrall . 

Diameter, nvernU ...36 in. 

FiiKine (h'< 1 flanKc.s indtlc clearance .110/16 in. 

Fiiirinc bcil center to center .139/16 in. 

DiAtnnrc, haiiiom of carburetor In engine ticil.13 in. 

Di uni ice. hub line In carburelar .19 in. 


Velie Aircraft Engine.—\>lie Motors Corp., Moline, III., was one of the 
latest auioin(»lii1e manufacturing conccrn.s to enter the aircraft field. This 
company is m»v in pnxlnction on a five-cylinder, four-cycle, air-cooled 
radial aircraft engine, devchiping 70 horsepower at 1,800 rp.tn., and 80 
horsepenver at the ma.Nimnm of 2.000 r.p.m. The engine is being used in 
the “MotKKoiipe** airplane of Mmio-Aircraft. Inc., also of Mnltne. The 
engine, dry, without hub or starter, weighs only 210 i>ounds, giving a weight 
of 2.63 pounds per rated horsepower. Installed in the two-passenger Mono¬ 
coupe, tests have shown that it will take off in three to five seconds, cruise 
at 8^ m.p.li.. with a top speed of 100 ni.p.h., land at 30 to 35 m.p.h., and 
<»pcrale with a gasoline consumption of approximately 20 miles to the 
gallon. 

Special features of the engine, shown at Fig. 492, are its solid master 
connecting rod and two-piece crankshaft, simple valve mechanism and ab¬ 
solutely clean lines in front, making for minimum head resistance. The 
main crankcase is one piece with the mounting ring cast integrally. Bore 
and stroke arc 4% inches !iy .344 inches and piston displacement is 250.6 cubic 
inches. The engine has a compression ratio of 5.2. nianieier of the mounting 
ring is 12J4 inches: height, or overall diameter, is 32 inches and the length 
without starter is 27 inches. The guaranteed fuel consumption at the rated 
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horsepower is .55 pound per horsepower-hour. Oil consumption is .025 
pound per horsepower-hour. 

The gear ease cover carries the magneto, oil pump and tachometer 
drive. Three ball-hearings suppi)rt the siugle-throw, two-piece crankshaft, 
the bearings being placed one on each side of the crankpin and the third 
just behind the propeller huh. The la.st-natned bearing takes the propeller 
thrust as well as the radial load. 



Fig. 492.—Velie Five-Cylinder Static Radial Aircraft Engine. 

To assemble the single-piece master rod the shaft is divided into front 
and rear sections, the crankpin being integral with the forward section 
which transmits the power to the propeller hub carried by it. The crank¬ 
pin telescopes into the rear section and is carried completely through it. 
A bolt passes through the hollow crankpin and crankchceks to assemble 
the crankshaft halves while the two telescoping crankpin parts arc located 
by means of a key. 
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Use of the split type crankshaft has become more popular recently in 
this country, since it eliminated the assembly holts in the split master rod 
necessary with the solid shaft. These bolts, especially in a radial engine, 
nre subject to considerable shearing strain, while any inaccuracy of fit or 
wear of the bolts permits relative motion of the rod halves. The babbitt 
bushing, spun in the rod, bears direclly on the crankpin itself, and four con¬ 
necting link rods are attached to the ina.ster rod by means of wristpins. 
The link rods are bron;;c-bu.Hhcd for the piston end wristpins and all bear¬ 
ings are oiled under pressure. 

Cylinders are of nickel steel with integral fins. Heads are cast of 
aluminum alloy. Each cylinder has one inlet and one exhaust valve, seat¬ 
ing in the head on abiinimini bronze. Valve lifters are of the roller type 
and both intake and exhaust valves o])cratc from the same cam. Silchrome 
steel is used for the valves and both intake and exhaust have a diameter 
of 1 inches with inch stems. 

The large cylinder fins, the head construction and the valve propor¬ 
tions are given maj<ir credit for the very low temperature claimed to be 
shown by the new engine in block and fiying tests. 

Two gear pumps coniprivo ibc oil assembly. One supplies oil under 
()rcssurc to the engine bearings and the other is used for scavenging, Oil 
is taken from the tank by the pressure t>timp and is delivered to the oil 
collector ring, where it is forced tlirough the center of the crankshaft to 
crank and wrislpin liearings. The discharged oil is returned to the tank 
l»y the scavenger pump. There arc only two oil lines in the entire assembly, 
tlic one for the inlet, or suction impulse, and the other for the outlet, or 
scavenging action. The skirt of tlu* cylinders extends into the crankcase, 
acting as an <iil shield, thus pTCvciUiug c.xcess oil from entering the cylin¬ 
ders while also keeping down the overall <llametcr. 

Ignition 1$ funushe<l by two Scintilla magnetos located at the rear of the 
engine, which fire two .sparkjilug.s in each of the five cylinders. The engine 
is equipped to take the standard mouiuing of Eclipse electric starter, which, 
complete with battery, wcigh.s only 40 pounds and is optional equipment. 
The engine is completely cquip|>e(l. ready to operate, with Zenith carbu¬ 
retor, carburetor heater, two magnetos, propeller hub, mounting ring, 
exhaust ring, complete set of tisds and instruction book. 

Features of the ASSO SOT Engine.—The crankcase is in two parts. The 
u|>|jer, together with ibe cylinders, is one block election casting. The cylinder 
sleeves arc pressed into tlw cylinders. The lower part c<implctcly encloses and 
protects the moving ^sirts and eonuiins the oil-pump. Separate cylinder-heads 
are uswl for each cylinder, cast in eUvtron, in one block with the intake-mani¬ 
fold and exhaust- 1 Kut. 1‘istoiis arc n«ulc of alumiiuiui alloy and arc hollow- 
slicll castings with three comiircssion rings at the up|ier end, and oil-scraper ring 
at lower end. Qninecting nxls are of special heat-treated steel, double T 
section. Seven crank.shaft-l>earings of the plain journal type are used and 
in the front. Iictween first Uaring and proi>etler-hu1> a ball thnist bearing is 
interposed to take proiK-Ucr thrust. Ilie pro|)elkT-hub is of the Kudge-Whit- 
worth iy\K. Two camshafts one on each skle of the engine Q]>cralc the intake 
and exhaust valves. The right hand camshaft actuates the gasoline pumps, the 
left one the oil-pump. Ignition is by double ignition, two Bosch magnetos 
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being placed transversely at the anli-pro|K‘lkr end oi the crankcase. Lubrica¬ 
tion is by pressure fcwl. The oil-pump is vertical and dips into the lower 
part of the crankcase sump. It is a double action • pumps oil from 

sump and sends it to tank or oil-cooling ap^iaratus and pumps oil under pres¬ 
sure to various cams and bearings. The construction of tliis engine is clearly 
shown at Fig. 4*^2 A. Two carburetors are u.sed, one at each end of the engine, 
each one supplying three cylinders. The carburetor air intakes take warm air 
from the c\ linders. 
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Valve tappet tod 
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Fig. 492AViews of the Isotu Fraachini ASSO SOT Air-Cooled Engine Which Haa 
Six Cylinders Cast Integrally with Top Half of Crankcase, Which is a Special Mag¬ 
nesium Alloy Known ai Electron. Steel Liners Are Used in the Cylinders. 
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SPEnFlCATlONS 


IsotU-Fraschini Aviation Motor . Type "ASSO 80T" 

Cooling .sy»itpm . Air 

iiore . 3 15^16 in. 

Stroke . in. 

Cylimlcr** . 6 in line 

Total cnl*ic capacity . 40275 cm. In. 

Tip. . 1400 r.p.m. 

Hp- 100 . 155<» r.p.m, 

C*<imprc'*sMin ratio .. 1 :.^.5 

(laa omMiiniMion piT Itji/luMir... 0 507 1)><. 

Oil CMiHumjititin (wr Hp/luitir . 0.043 tl»s. 

Wciglit of motor witli luili. 242 \\». 


Anzani Aviation Motors.—T.capin^' into famf through the crossing ol 
the channel between I'.nglantl an<l France in July. 1909, Anzani Radial 
Air-cooled Mottirs have retained their place as the most widely dislrihuted 
aviation motors In the world. M. Anzani has always envisaged the sport 
airplane, a machine so simple in its powerplant that it could be cared for 
by the average owner and that repairs would be even more simple than lor 
die average m<iti>r-car engine. lM»lluwing this l<lea, Anzani engines have 
always been simple and slrtmg. This year certain changes have made the 
engine even more simple anti even more reliable than ever before and these 
s.ime changes have resulted in a tremendous saving in lubricating oil con- 
.sumption. 

AU Anrani engines are built to conform to the severe standards imposed 
by the French (lovernmcnt for aircraft engines, which standards arc far 
mure severe than those of ihc United Slates Department of Commerce. 
The revolutions have been kept low to insure long life, the normal speed 
being from 400 to 1.800 r.p.m. The fuel consumption for Anzani engines, 
according to the 50-hoiir tests run by the French Governtnent at the ChalaU 
Meudon J,ab<»ratory, shows an average specific fuel consum)>tion during the 
50-hour runs of 200 grams per horsepower-hour. With the new oiling 
sysicni, a sj)ccific oil consumption of tcn-twelvc grams per horsepower- 
hour can be counted ui>on. 

Cylinders and Crankcase.—The cylinders (A) are of an iron-nickel-stecl 
mixture, ca'il at the Anzani foundry. This alloy is extremely hard and gives 
Wonderful service. The ccKiliiig fins are deep and thin, giving ample radia¬ 
tion. The valve guides, spark]>lug Ixis.ses, etc., arc cast integral. The lower 
end of the cylinclers form a long sleeve extending into the crankca.se, at 
the same time acting as an oil shield. The cylinders are held down by two 
long studs each, which extend to the heads and which are so pinned at the 
crankcase end that they are carried on the crankcase through bolts (AF) 
which pass through them. Thus, the force from the explosion pressure 
is carried directly from the cylinder head through these alloy steel studs to 
the crankcase through bolts (Ah'), which also serve to hold the engine on 
^he mounting plate, Simply removing the two nuts from the exhaust mani¬ 
folds and the two cylinder hold down nuts permits the cylinder to he with¬ 
drawn without disturbing any cowling, etc. The inlet header pipes (Q) 
are a sliding fit into the inlet manifold (AN), which is cored in the crank- 
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case, 80 that the header comes right off with the cylinders and no joints 
arc broken. Carrying the cylinders on the studs and the crankcase assem¬ 
bly on the same studs allows us to carry nearly all of the major stresses 
directly on alloy steel members, permitting the use of simple light castings, 
which reduce weight and increase reliability. In fact, the crankcase simply 
acts as a spacer and oil container and the ends as plates to carry the main 
l)cnnng forces to the through Indls. The crankcase itself is a two-piece 
aliuninum casting (AK), split vertically and filling together with u dovetail 
joint. The front portitm is hemispherical on Ihe nose, so as to keep down 
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Fif. 493.^Sectional View of Cylinder Showing Valves and Actuating Rocker Anna of 

Ansani Engine. 

head resistance. It carries the front main (AM) and thrust l>enringB (AL, 
AP). The rear half carries the rear main bearing (AQ), the camhoiising, 
tappet guides (R), inlet manifold (AN) and mount ring, while the mag* 
netos (AB) mount on the camhousing cover, which holts to the rear half. 
The sectional view of the cylinder at Fig. 49.1 shows the construction very 
clearly. The lettering on Fig. 495 is intended to accompany the descriptive 
matter and instructions which follow. 

Pistons.—The pistons (B) are of aluminum alloy, having a convex head 
which thickens towards the skirt so as to better conduct the heat. The 
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pi$ton5 are fitted with three rings and the skirt is relieved annufarly the 
M idth of the piston ring, so as to feed oil into this member and to prevent 
rubbing on the cylinder well due to uneven expansion. The piston pin 
bosses are supported by a heavy rib cylindrical in form and concentric with 
ihc piston wall. This jiatented feature gives a very stiff support to the 
piston pin in all directions and any expansion is concentric with the piston 



F'ig. 4a4^Front View of AipUnc FuaeUfe Showing ly^cal Motor Mounting 

for Anxani. Ten*Cylinder Aviation Engine. 

walls atid cannot cause distortion. The piston pins (C) arc of low carbon 
c)irome*nickcl steel having a thick section in the center and tapering toward 
the end.s. The pins are case hardened, ground and poli.shcd. They float in 
the bushed head (D) of the ccmiiecting rod and the piston pin bosses in 
which they are kept from end motion by spring steel rings (E). which set 
hilo grooves in the boss fxixes. 

Valves and Rocker Arme.^The valves are of the flat in the head type, 
while in the new type motors they have a tulip shaped head. The valves 
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are so located that the propeller blast strikes the exhaust valve and the 
exhaust pipe first and the heat is carried over the inlet passages. The inlet 
headers (Q) are of aluminum castings; they are carried back of the cylin¬ 
ders so that they arc kept hot in the coldest weather. The valve rocker 
arms are carried in a steel pedestal (N) which screws into a boss cast on 
the inlet passage in the cylinder. The long exhaust rocker (H) is placed 
above the shorter inlet rocker (I). The pivot pins arc hollow case hardened 
bolts which hold sufficient bearing oil to lubricate the rocker arras for a 
long period. The valve springs arc made of alloy steel with heavy retain¬ 
ers (G) and split annular retainer locks. 
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Pig. 495.~Sectional View Outlining Construciion of the Six-Cylinder Anuni Motor 
Showing Simplicity of Valve Operating Gear and Generally Subsuntial Construction 

of the Engine. 

Inlet Manifold.—The carburetor header (AG) fastens <m to the lower 
part of the rear half of the crankcase so.th.it it cxtcinU through the bottom 
of the airplane fuselage, eliininating fire risk. The inlet manifold (AN) is 
cast integral in the crankcase and carries the header pipes back of the cyl¬ 
inders. This disposition affords enough heat radiation from the cylinders 
to heat the mixture sufficiently to insure thorough vap<»rization without 
preheating the carburetor. On the 250 horsepower engine a double choke 
carburetor is used with two .small manifolds and two sets of small header 
pipes leading to individual inlet valves (two per cylinder). It keeps the 
gas speeds high enough to insure perfect distribution; yet the combined 
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area is grtaX enough to insure rapid and complete filling of the cylinders. 

Magnetos.—The inagneto$(AB), oil pump (AE) and tachometer drive 
(AD) are mounted on the camhousing cover plate, extending through the 
hole in the mounting plate into the fuselage where they arc fully protected 
from the weather. 

Connecting Rods.—The connecting rods (F), of the particular Anrani 
design, arc of the s.imc type which they have used since they built the first 
*‘Y** type engine in 1908. Numerous attempts have been made to make 
modified copies of these rods an<l Anzani has tried out every known srheme 
in experimental moi<irs, but has retained a perfected form of the ongin<al 
n»ds, as this type lus given the best satisfaction of any. The advantage 
of such disposition is quite apparent; All hkIs are the same length, the cen¬ 
ters of all rods pass through the center of the crankpin, giving the same 
stroke for all cylinders, insuring equal timing. The assembly is easily 
taken down and repaired. It is very light and the large bearing areas make 
for long life. All wearing parts arc quickly and cheajdy replaced. 

The crankpin bearing (AK) is a babbitt lined bronze bushing dovetailed 
at the joint. It floats on the crankpin and is held from en<1 motion by fillets 
at the juncture of the crankpius and the cheeks of the throw. The diago¬ 
nally cut slipi^ers at the lower ends of the t<hU ou the outside of this 
bushing and the r<»ds are held in place and from end motion by two split 
bronze collars (AJ). wliich bear on the outside of the ro<l slippers. While 
ihe actual length of the slip|>cr is alunit 60 degrees of the outside circum¬ 
ference of the bushing, the diagimal cut makes the efToctive length much 
greater and prevents any canting. The angular motiim of the rods under 
the collars and over the bearing is very slight, a.s both the collars and the 
bushing float and the whole assembly bathes in oil. The life of the bearing 
and collars is \cTy long: much longer, in fact, than any fi.ved liner-in rod 
or nest of rods. The joints of the collars arc dovetailed and they arc held 
together by alU»y steel Imits. The connecting rods are chronic-nickel steel, 
machined and polished. The bronze piston pin bushing (Cl is pressed into 
place and pinned with two bnmze i>ins. In the three- and six-cylindcr 
motors, there arc three rods in each nest, uhilc on the ten- and twenty- 

cvlinder motors there are five. 

# 

Crankshaft.—The crankshaft (AO) Is of the hollow type made in one 
piece, excepting the extetibioii (AC), driving the cam and magnetos, which 
is screwed aiul pinned into the main shaft. 

The center web of the crank.shaft is undercut so as to bring the axis 
of the cylinders more closely together and to minimize the slight rocking 
< ouple which is the only unltalancctl force presemt. .X two-throw crank permits 
• •ne set of unbalanced forces to neutralize the other, something which can¬ 
not be done with a single-throw crank.shaft. ^cgar<llc^s o( the counter¬ 
balancing. The crankshafts are i»f chroinc-nickel steel, machined and pol¬ 
ished. They arc counterbalanced very carefully, giving an extremely 
Mnooth and vihral ionless engine. A two-throw shaft is used on the six- 
'md ten-cylinder engines, while a single-throw counter-balanced crankshaft 
's used on the three-cylin<ler engine. The crankshaft is hollow and provides 
'iinplc passage for oil lubrication. The oil is fed into the shaft through the 
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two main hearings (AM. AQ). Oil holes are provided in the crank throw 
pins and afford adequate lubrication to connecting rod bearings and collars. 

The main bearings are of the same ty|>e as used on the original Anzani 
Aviation Engines, a combination of plain^and ballbearings (AH, AL, AP). 
The main bearings proper (AM. AQ), are of the babbitt lined bronze type, 
the bronze shell combining a cup on the inner end in which a large ball 
thrust bearing (AL) is seated. 

Diatribution.—The valve mechanism of the Anzani is very simple, hav¬ 
ing a single piece inlet and exhaust cam (W). The timing gears, driven 
through intermediate gears (X). revolving at one-half camshaft speed, 
operates the entire valve mechanism which is clearly shown at Fig. 495. 
The inlet cam (V) consists of tw<i narrow faced cams on opposite sides of 
the exhaust cam (W), the inlet tappet (T) being hoUow and having a slot 
milled through it at the lower end leaving it fork shaj)ed. Each tang of 
this fork rides on a face of the inlet cam, while the exhaust push rod (S) 
bears in the bore of the Inlet tappet. The exhaust tapi^ct has a roller (U) 
on the lower €n<l. which extends through the slot in the inlet tai)]>ct and 
a slot milled in the bronze tajjpet guide (R). which prevents the whole 
assembly from turning. The exhaust tnp|>et operates a single push rod 
(P) to the rocker arm, while the inlet taj>pet operates two .smaller push 
rods (O) locate<l on either .side of the exhaust tappet to the inlet rocker 
arms. All of the push nwls have adjustments at the upper etui (l.M). The 
intermediate gear (X) operates the ull pump (.MC), the lachfnueter drive 
(AD) and the scavenger pump, which returns the oil from the lower oil 
collector tank to the nourrke tank. The magnetos arc driven by a gear 
(AA) on the end of the crankshaft extension (AC). 

Timing.—As in other operations ccmneclcd with the servicing of the 
engine, the timing operation has been simplified to a high degree. No tim¬ 
ing disc is used. No. I cylinder being pr<»vi<le<l with a timing hole in the 
head in which sets a screw, giving access to the c^mibusluni-chamber. The 
cam cover jdate can be remtwed with the engine in jdacc an<l the timing 
gears drseiigage<l. 

To time the engine remove the screw in No. I cylinder, put a piece of 
rod through the hole and bring the pist<in to lop dead center. Put a scratch 
on the rod sc» that it registers with a division on a metric scale %Uuh\ 
on the cylinder head l>eslde the ro<l. Then turn the engine over in the 
direction of rotation until the mark on the rod has dropped four to five 
millimeters: then turn the cam so that the exhaust valve of No. 1 is just 
closing and mesh the gears. Replace the cover and turn the engine one 
complete turn; then with the pisUm on top dead center, turn the propeller 
against the direction of rotation eight millimeters on the scale for the 
90x105 millimeter cylinder an<l turn the magneto so that the breaker i>oints 
are just breaking, the brush in the distributor on No. 1 segment and mesh 
the gears. 

Three-Cylinder 

Horsepower, 30; weight, 110 |>nunds. 

Bore, 90 millimeters; stroke, 120 millimeters; 1.800 r.p.m. 

Horsepower. 35; weight, 132 |Kiunds. 

Bure, 105 millimeters; stroke, 120 inillimeter.s; 1,800 r.p.m. 
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Timing- 

Exhaust valves open cighteen^twenty millimeters before bottom dead 
center. 

Inlet valves open four-five milliuieters after top dead center. 

Spark, six-eight millimeters before top dead center. 

Six-Cylinder 

Horsepower, 00; weight, 105 )H>unds. 

Bore, 90; stroke, 120; 1.600 r.p.m. 

Timing— 

Exhaust valves ojien cighlecii-twcnty millimeters before bottom dead 
center. 

Inlet valves (i|)eu fcnir-rivc millimeters after tup dead center. 

Spark, six-eight millinictcrs before top dead center. 

Horse] H»\vcr. ft*; weight. 215 |)Oiiii<ls. 

Boro. 105; .stroke. 125; 1.600 r.p.m. 

J niimg— 

Kxhatisi valves open iwcnty-twcnly-fivc millimclers l>ef<jre bottom 
dead center. 

Inlet valves <»]>eii fonr^five millimeters after tup dead center. 

Spark, six-eight l>cfurc tuj> <lend center. 

Ten-Cylinder 

Hurst)Kover. 120: weight, 320 pounds. 

Bore. 105; stroke. I-IO; l.f)00 r.p.m. 

Timing- 

Exhaust vaKcs oj>cn twenty-twenty-five milHmcters l‘>eforc bottom 
<lea<l center. 

Inlet valves t>j>en four-five milliiurtcr'. after lop tlead center. 

^']>avk. six-eiglil before lop dead center. 

The clearance between the exhaust rocker arms and valve stem should 
be .018 inch to .020 inch anti the inlet rockers arc adjusted so as to open 
as the exhaust doses, which should give alnmt the same clearance. Such 
clearances should l)c measured vvhen motor is cold. 

Anzani Engine Care and Operation.—The ftdiowing rules should be 
carried out after every long flight and if maximum service and long life 
is cxjiecled from the engine after every flight; When the engine is still 
warm, take ofT all sparkplugs and clean them with gasoline and a stiff 
brush, at the .same time check each clcctrcKlc gap. Before replacing spark- 
pi ug.s squirt kerosene into the cylinders, which will help remove carbon, 
biin^t till and will prevent gumming of piston rings. The propeller should 
he turned (»vcr swiftly a few times, thus throwing out excess kerosene from 
die cylinders. Likewise, kcro.senc squirted on valve stems while motor is 
'‘till warm, prevents sticking valves. Magneto distributors and brushes 
''hould he examined after each flight. The distributor should be kept clean 
from grit and oil. The breaker peunts should be checked with a .020 inch 
s'unge and the cleanliness of the ]>oints should he ascertained. When the 
• ngine is started, it shonbi l>e nm for a little while at closed throttle. The 
fact that an air-co<dcd engine warms up rapidly is no excuse for throwing 
^ full load on a cold engine. Every engine should be idled with closed 
birottle or nearly closed throttle for several minutes so as to afford ade- 
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quate distribution of oil throuf^hoiit tlie motor before a load is thrown on 
the bearing:. not accelerate engine until it has been warmed up thor¬ 
oughly. 

To Stop Engine.—The proper way to stop the motor is to shut off the 
gasoline supply and let the motor die out from the charge held in the car¬ 
buretor bowl. If it is inconvenient to do so, it is advisable to let the motor 
idle for five minutes or so before cutting the switch, this will not only give 
the valve.s a chance to cool down, but distribute oil through the inside of 
motor 50 as to have the parts well lubricated for the next start. More air¬ 
plane motors arc harmed through neglect of these perfectly simple rules 
than any other cause. Iinjiroficr stojiping is the greatest source of valve 
trouble in aviation motors. Proper lubrication of all moving parts, such 
as rocker arm jiins. valve steins, etc., should not be overlooked, the rocker 
arm i)ins are left hollow on piinnisc and thc.se should be filled with a heavy 
oil every time the motiir is used so as to insure adequate lubrication of the 
rocker arms. 

STANDARD AN^iANI ADJUSTMENTS 

Sparkplugs.^lt is atlvisablc to keep a close check on the spark gap. 
The best plug fc»r Anzaiii mot<*rs are tin* liU and tin* AC. allluuigh any stand¬ 
ard aviation mica IhkIv plug can he used with salisfaclion. S]>arkplugs 
should ha\c .018 inch clearance l>ctwccn electrodes. 

Magneto Breaker Points.—Gap hct^^cen breaker point when fully open 
shouhl he <»f i)2() inch. It is possible to <»btain better results if the breaker 
gaj» is reduciMl to .018 iucli. The makers do ncH recinnincml one to change the 
PH]) dist.inre, niilcss the motor has a tiii<lency lo miss high siHrd ; only then 
should the reduced gap distance he tried. Great care shonld he also taken 
to see that the small rocker arm on which is tinninted one of the plutfniim 
points shr>uld nmve freely on ils axis, if it is hniiid that It has a tendency 
to hind, carhonindiun cloth may he used U* ^xdish the n.xis ligluly. 

Valve Clearances.—Inlet and exhaust valve.s should he set respectively 
at a clearance of .018 inch and .020 inch between end of rocker and valve 
stem. 

Lubrication System.—For motors provided with rotary pressure pump: 
When the motor is new or under ten to fifteen hours of running time, the 
bypa.ss of the pump must l>c fioinling to the letter "(X* rs stamped on the 
cover: it is then wide open, feeding a full supply of oil. Leave it this way 
until the engine is well rim in; after this, shut it off slighlly towards the 
letter “F*' so that no oil overflows «>ut hut enough to properly luliricatc the 
engine, the oil gauge should read from five to six fMninds, with a cold motor 
and not less than from two to three pouiid.s with a warm motor. For the 
plunger type pump, if pump is found to feed too much oil, a spacer gasket 
of inch can be inserted under the plunger cover. 

Insufficient Lubrication.—If through oversight or any other cause, the 
engine does not receive sufficient luhricalion and begins lo heat and pound, 
it should ho slopped imniediately. After allowing engine to C(k> 1, the o|>era- 
tton of the oil pump should be ascertained ami half n gallon of oil should 
be poured in a crankcase through the breather holes, but not before the 
exact cause of this sudden overheating has been found and corrected. It 
is also advisable, in this case, to disconnect the oil leads to the crankcase 
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and using an oil gun to force a quantity of oil into each oil lead, turning the 
motor over slowly hy hand all of the time so as to fill the crankshaft leads 
and bearings with oil. 

Carburetor.—Care should be taken to ascertain if all nozzles and jets 
are tight in the carburetor. It is a wise practice before each flight to t^e 
(lit the well cover nuts, to ascertain that no water has collected, as this 
is the lowest point in the carburetor. A very few drops of water lodged 
in the bottom of the unions will suffice U> t>roduce transient difficulties in 
carhuretion. Assuming the amount of water tu be small, the trouble may 
be remedied by taking out the twu hexagon nuts under the jets and empty¬ 
ing the carburetor. 

Ignition System.*-^!t is most iuiportuut that after ever)* long flight, the 
distributor blr>ck lie detached and wiped (» 1 T with a soft cloth. The carbon 
lirush leaves a deposit wliere it runs between the contact points which often 
enables the s)>ark to jump across from one terminal to the other, thus caus- 
iiig the tnott>r ti> misfire and run roughly. If this deposit cannot be re* 
iimvcd with a cloth dipped in gasoline, a very fine emery clckth can be used 
to polish the distributor lightly. The dust resulting trom this ]>obshiug 
must be \vipc<l <ilT carefully with a rag. 

Propeller.—It is of great iinjiortance ibai the propeller be tracked to 

one-eighth of an inch an<l a check sh<uiid he kept on its tracking every ten 

hours of Hying time, ff it is not true, excessive vibration uill result. An* 

ZHiii propeller hubs arc jnil on >ery tightly on the motors, after being lapped 

and in consequence there is aii ahsoliilc metal to metal bearing between the 

hub and the crank-shaft cone. When the propeller huh is withdrawn, the 

metal in the hub aiul on the crankshaft cone is siunetimcs torn. When the 

liub is rcjdaccd, insleacl of fitting tightly vn the shaft, the torn metal on 

the shaft rests on the torn nictal on the Inih and after a few hours running, 

the huh becomes loose and is liable to break the kevwav. It is not nccc$- 

• # 

sary to withdraw the hub to apply or remove the I'rojiellcr. as the engines 
are of the fixed hub tyi^c and the hub should only be withdrawn in case of 
a complete engine tcardown. After the hub has been withdrawn, it should 
be lappeil carefully on the crankshaft before setting back in place. 

Crankcase.—Care shtmid he taken that the crankcase bolts should not 
be tightened with Pk* great strength, as a certain heat e.xpansiou lakes place 
and if the bolts are tightened t<»o mticb. the strain on the crankcase is liable 
to cause it to .split. When the motor arrives fnim the factor)*, no tighten¬ 
ing of the bolts should take place as they have been carefully tightened and 
safetied with counter nuts before leaving factory. Crankcase end play 
should he at least .018 inch. 

Preparation to Start Engine.—Before starting the motor for the first 
time, it is a g<iod plan to take ofT the <»il pipes where they join the crankcase 
and force oil down these openings with an <mI gun while the motor is being 
turned slowly by hand. After a f|uantity of oil has been force<l into the 
oil ways, the connection .should be tightened, the tank sbouKl be filled. 
With the plunger type pump a supply of J-j gallon must be |wurcd in the 
c rankcase thr<»ugh breather pi]>cs. Always fill gasoline tank through a 
"trniner of chamois skin» this w'ill afTord clean gasoline supply, the strainer 
^ atchihg water and other impurities. Kockcr-arms, rocker-arm pins and 
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valve stems should be thoroughly lubricated with heavy oil. Magneto 
should be given two or three drops of oil every five hours of running. 

After a)] the parts ar<t oiled and the tank hllod. the following must Iw looked 
after before starting the motor: Sec that magnetos are properly grounded. 
Sec that magneto holts arc tight and safely wired. See that magneto cables 
are in good condition. See if the two intake push rods are .securely hound 
together with safety wire, the absence of such causing floating and break¬ 
ing of push rod a<ljuslable eyelets. l*hey n»ust be bound together just 
below the a<ljuslal)le eyelets. See if rocker arm tatlt>et^ have the proper 
clearance. See that oil aud gasoline lines arc in perfect conditi(m. See that 
propeller ))oUs are safely wirc<l. bAcry nnnith all cylinder hold down nuts 
should be gone c>ver to ascertali» \\hciher they arc tight. I'hc proper way 
to tighten these nuts is to pull them down light and then unscrew om*-lhird 
of a turn, thus allowing for heat c\pan>ion. It i.s important not to forget 
to rccrnier. .\fler making sure tiuu aUjve rules luive U*rn r)bserved. the com¬ 
pression of cylinders should be tested t>y turning propeller slowly. 

Starting the Engine.—Do not forget to short both magnetos. Open; 
throttle slightly, flush the rarburctor and with the switch **oiT*' turn pro¬ 
peller over several times to draw in a charge, turn the ignition switch on 
‘ contact*' aud jm!! propeller swiftly over comt>re.ssiou. This should start 
the motor inime<liately. 

Failure to start the engine might be cause<l by the following conditions: 
In cold weather the carburetor slunild be primed well. In warm weather 
it should only he jirimed slightly. After the engine has mice been started, 
only a slight priming is necessary in order to insure <(uick starting. 

If one makes .several attempts to start the engine as abiAc dirccle<l and 
does \U)i succeed, it Is a<lvisablc to insjHrl tlw ignition system, checking first: 
That all cable terminal^ are in their proper place** and secured. That the 
breaker points have the proper spacing. That the <lisinbutnr heads are 
clean and free fr<im oil aiul carhou deposit. That the distributcir brush 
does not hind. That ground wires are not shortened in any place. That 
magnetos deliver a .spark when turned over. If the sj>arkplugs have not 
been cleaned as advised, they should be removed and cleaned thoroughly. 
If the ignition system is found to be sati.*<factory, the tremble must be in 
the carhuretion. The cnrbnrction float may be punctured and filled wdth 
gasoline. The needle valve might not work freely or <jbstruction between 
valve and scat might prevent its prcjper action. The gasoline line might 
be filled with water or clogged with impurities. If the jets are found to 
be clof^cd, do not clean same with wire or shar]) instruments. Ihi.s practice 
enlarges the metered holes and suptdics an improper <[uanlity of gasolinc. 
They should be blown out with comjircsscd air. The engine might have 
been flooded by excessive priming. In this case, with the switch “off,’* 
open throttle wide and turn over propeller swiftly in the opposite way of 
rotation a few revolulioii.s, then clo^e throttle and open swdtch, the motor 
ought to start without any additional priming. 

Decrease in Engine Efficiency.^ After the engine ha.H been continuously 
in service for a certain length of lime, it may decrease in its r.p.m.; there 
are different causes (or this: primarily the valves need grinding; tliey 
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ought to be ground after an average of 90 to 100 hours of running time. 
The magneto distributor might be dirty, the carl>on brush running lietween 
distributing points will leave a deposit, this fine dust will allow sparks to 
jump from <me tiTtninal to the other causing the motor to preignite and 
run roughly; the distributor head must he removed and cleaned as previ¬ 
ously suggested. Through the use of low test commercial gasoline, the 
carbon deposit in the cylinder heads might prove to be a source of pre- 
ignition, pounding, vibration and loss of compression. It should be re- 
(tir^ved by scraping only. 

Gravity Feed Gasoline Supply.—If gravity feed gasoline supply tank is 
used as per the tiew I)e]»arinient <»f CVnnmerce regulation, it is advisable 
iliat the drop between the lowest p<»rti<m of the gasoline tank to the upper 
part of the carburetor or float chamber should not be less than 24 inches. 
If gr.ivity tank is used and the engine runs satisfacti>rily at low speed, 
but cuts out at high sjieed. the trouble is undoubtedly due to insufficient 
height of tank, the siie of gasoline line or air h<»le in tank. Care should be 
taken to kce]> air hole in lank cap free of any obstruction. 

Disassembling the Engine.— The actual operatum of dismminting cylin« 
ders of the Anzaui engine has been ma<le so simple that it can be done in 
less than fifteen minutes for the three cylinders and 20 to 2.S minutes for 
ilio six. To remove cylinders from crankcase for valve grinding or inspec¬ 
tion. first unscrew the stud^ heddmg the exhaust pipes or manifold, then 
remove cotter pins and unscrew the two nuts on the hold down rods of 
each cylinder. 'J'lie olinder can be reim»ve<l withenit taking ofT the inlake 
]Mpe which has a sliding fit in the crankca.se. but after the two inlet push rods 
eyelets have been <lisconnected from cam follower rod by removing the 
ring, or in other motors both cotter pin and slo|> ring. When the cyl¬ 
inder is ready to be pulled nut of the crankcase, care should be taken to 
iiMii<l liaviu^ the pi Mini and rod fall again.<^t tin* crankcase or the next cylinder 
as it is liable to ilirow them out of line. The cam cover plate can be re¬ 
moved for inspection without taking the motor off its mounting. 

'I'he jiropeller should be mounted im the hub in the usual fashion; that 
is to say that the axis t>f the blades should be set one boh a)iea<! in the way 
of rotation. This will afford easier starling by placing the compression at 
the ea.^iest and .safc.'^t pinnt for cranking. 

Valve Grind in g.-^Take out the valve and clean it thoroughly, also not¬ 
ing whether or not the stem is clean, or otherwise in good condition. Re- 
)t!acc 'he valve an<l grind by rotating it back and forth, the grinding paste 
being between the valve and the seat. Care should be taken to raise the 
valve from its scat frenueiitly. while grinding. This prevents making a 
groove ill the .seat, it is essential after the valves are ground to clean the 
entire cylinder with gasoline, wiping same with a soft, clean rag, making 
^ure all the grinding paste has been reiiuived. The sides of the cylinder 
walls should be oile<l with clean oil before the cylimlers are slipped over 
I*)''tons and put back int(» |dace. 

Cleaning Platons.—When slipping off the cylinders, care should be taken 

steady the pistons, .so they will not fall over after cylinder is removed, 
'vhich might result in distorting their sha|>e. To remove the piston rings 
bree or four strtp.s of *'tch spring steel should be used. These should 
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b« {(lii)ped around the rin^^ until it is entirely free of the groove, after which 
it can be slipped o1T quite readily. Clean slots by scraping, taking care 
not to scratch the metal. Use cloth moistened with gasoline to clean the 
surfaces after carbon is removed. If there are any bright spots on the out¬ 
side walls of the piston, it shows an undue amount of friction is taking 
place at that point. A very fine file can he used to touch up these spots. 
(This should be attempted only by skilled or thoroughly competent 
mechanics,) In roassemliliug the rings in their respective grooves, they 
should be free to move arnund without binding at any place. Oil the pis¬ 
tons, rings, and grooves bef<»re assembling pistons in cylinders. 

If Auzani engine fails to start it may he <lue to any of the following 
causes: 1. Lack of gasoline, (a) Examine tank, (b) Examine shut off cock, 
(c) Examine filler, (d) Examine piping, (e) Examine hose connections, 
(f) Examine carlnirelor float valve. 2. Ignition ground-wire improperly 
connected. Engine primed too heavily. Rotate engine backward with 
throttle wide open ten or twelve revolutions to clear the excess gas in cyl¬ 
inders. 4, Engine insufficiently primed. 5. Ignition wire improperly con¬ 
nected. 6. Ignition incorrectly timed. 7. Water in carburetor. 8. Throttle 
too wide open. 9. Throttle not open whie enough. 10. Valves improperly 
timed. 11. Air leak in intake matiifold. 

If Engine Stops.—This may be due to 1. Lack of gasoline. 2. Water in 
carburetor. 3. Ignition tnniblc. 4. Engine <»vcrbeatcd. 5. I^ck <»f lubri¬ 
cation. 

If Engine Misses.—Irregular operation due to misfiring may be caused 
by 1. Sparkplug loose or defective. (A mi.ssing cylinder can be easily found 
after stopping motor by t>utting the hand on the cylinder cooling flanges. 
The cold cylinder is the one which doe.** not fire.) 2. Water or dirt in car¬ 
buretor. 3. Ilreaker points of magneto binding or dirty. 4. Dirt or mois¬ 
ture in distributor. 5. I'lston rings leaking oil. thereby fouling sparkplugs. 
6 . Valve .spring broken. 7. Uneipial compression due to (a) Valve stem 
sticking, (b) Valve scat caked with carbon, (c) Valve wanied. (d) 
Valve broken. 

If Anzani Engine Fails to Develop Power.—The following are the main 
reasons for reduced power output: I. One or more cylin<lers missing, 2. In¬ 
sufficient throttle opening (at carlntreti»r). Insufficient spark advance, 
(a) l’i])ing or shut off cock too small, (b) Ob.struction in piping. 4. In¬ 
sufficient gasoline supply. 5. Gasoline tank air bound. 6. Improper car¬ 
buretor adjustment. 7. lmpro|>er lubricatum. 8. Engine <»verhcated. 9. 
Water in gasoline. 10. Air leak in intake manifold. 11. E.xcessive carbon 
(preignttion). 12. Valves leaking c<»mpre.ssioR. 13. IMston rings leaking 
compression. 

If Anzani Engine Overheats.—Check over the following: 1. Insufficient 
lubrication, (a) Emjrty oil tank, (b) Obstruction in oil lines, (c) Defective 
priming of oil pump, (d) Oil valve seat obstructed by impurities. 2. Im¬ 
proper carburetor a<ljiistment. 3. liroken pi.ston rings. 4. Excessive car¬ 
bon. S. Poor ga.soline. 

Try one thing at a time and in the order suggested. Once trouble is 
located, the remedy should he easy to ap]dy. Correct fault immediately. 
To insure niaxinntin service, the engiiio should )>e inspected thoroughly. 
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systematically at regular intervals. Some standard form of inspection 
should be adopted, adhered to, not only for engine inspection, but also for 
all connections, piping, tanks and motor-bed fixation. The suggestions 
given for trouble shooting and repair of components in other chapters can 
also be used for reference in connection with locating Anaani engine 
troubles and repairing them. 

Salmson Air-Cooled Engines.^The StKiete dcs Moteurs Salmson 
was formed at the beginning of 1913 for the manufacture of sta¬ 
tionary radial type aero-engines, CanUm-Uniie system. f<»llowing cx- 
jK'riment.s since HXIK. The rjualitics of these engines, demimstratcd 
by the oflicial trials effected at Cbalais-Mcndcm and by the successes 
gained in aeronautical tests in which they partici])alcd, at once as¬ 
sured the prosperity the company. Kriun 1914 to 191H the Societc dcs 
.Moteurs Salmson tlcvcU»pcd considerably. The wi»rkshops for mechanical 
constructions were greatly enlarged ami important forges, foundries, copper- 
Ainitlis' and carpenters shops, airplane an<l magneto fact>>ri(S were in¬ 
stalled. The w«»rks covering an area id 7i,000 sipiure meters enabled the 



Pig. 495A.—Two Models of Salmson Air-Cooled Engine for Light Plane Use. The 
Twelve Horsepower is Shown at the Left and the Z5 Horsepower Six>Cylinder Model 

Shown at the Right 

1‘reucb Air Ht*ard to take, in Ntivcinbcr, VHK a monthly ilelivcry of: 200 
‘ oinplete airplanes, G.'iO acro-eiigines, 1,600 aero-niagnoii^s. The importance 
•f their outjiut, (heir extensive w<irks especially e<[tuppcd fi»r the construe- 
lion of aeronautical maUTinIs. their research de|»ariment. laboratories and 
i^'fhnical staff have made the StH*ietc <les Moteurs Salms<»n one of the most 
’inporlant aviation firms in h'rance. 

Since this pcrh>d. they have unceasingly pursued their technical efforts 
n connection with the stationary radial-engine, remarkable for its resist- 
^iK'e, perfect l^lance at all speeds, simple oiling system, easy method of 
^'utering and mounting on the plane and its accessibility. Other important 
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points are the facility with which it is kept in order and the smallness of 
the unit ccMusitlerini^ its high jH»wcr capability. 'Phe Sociclc dcs Moteurs 
Sninison was thcrofi*rc the first to design a complete range of new types. 

On the other hand, the Socicte des Motcurs Salmson have not discon- 
tinned their ex]ierimental work on the water*c<iolcd engine and have con¬ 
structed the CA19 type—260 horsepower and the CM 18 type—500 horse¬ 
power which rapidly proved their exceptional endurance qualities: the 
CM^W260 horscjKiwor by ,W0 hours tests efTcrted at the official laboratories 
of Chalais-Mciidou, the 500 horsepower by two tests of 150 hours 

each accomplished in fiflccn peritKls of ten consecutive hours, without the 
replacement of any part c»r accessory. 

The Socicte de.< Moieurs Salmson inanufacturc a c<niiplclc line of dif¬ 
ferent tNpes of engines which range as follows: 


iitutnu’s 


7>.-.r 

Xoniinol 

I<J\M 

Al)5 

12 IIP. 


ADO 

25 IIP. 

\.*KX) 

AI)9 

40HP. 

2 .0(X) 

AG 5 

follP. 

1.800 

AC 7 

95 IIP. 

1.800 

AGO 

120 HP. 

l.8(X) 

Alto 

2.t0 H P. 

1.700 

AH 18 

4fi0 11P. 

1.700 


tCat rr-( oolot /; a t/inrs 


CM 

JfiOIIP. 

1.650 

CM 18 

.WIIP. 

1 .6,M) 


The Al)3 tuelvc h<»r.scpo«cr engine has all its principal parts such as 
cylinders, connecting rods, pistons, \al\es. vaKc-.spriiigs. rockers, etc., ab¬ 
solutely intcrchangealilc with the rc»rrcs|>onding pnrt.s of the enginc.s Al>*^ 
40 horsepower and A!>6 25 horsepower, thus allowing a very miteworlhy 
standardization for these three engines. 

The AD 5 twelve horse|K)Wcr. which is shf»wn at Fig. 495 A. engine 
is of the stalifinary type, radial, air-cooled, four-stroke, having ibree cylin¬ 
ders. Itorc: 70 millimeters; Stmke: 86 millimeters: C apadly: cubic 

centimeters; Ciimprcssion ratio: 5.6 to 1. The ciignne is suspcinlcd by rear 
crankcase. 

R.P.M. Xiimina! PtmH'f Prmkr on Nishif^ 

1.800 12IIF. 14iIP. 

2.400 15 HP. 18 HP. 

At 1.800 r p.m. dc\ <dnping t wcK e hofM'povv cr: Fticl and i»i1 nmsu nipt Ion 
figures are: 

• Motion Prtrtfl Castor Oil 

Per hour . 5 kgs. 240 grs. 

Per horscjKjwcr hrmr.250 grs. 20 grs. 
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The engine dimensu>ns arc: Length: 570 milHineters; Maxiirinm radius: 
320 miHimeters. Engine complete in running order with propeller hut), 
carburetor and magneto. witlKml silencer weighs 34 kilograms. The A 1^3 cn- 
engine has its j^rofK‘ller fittc<l direct to the crankshaft and revolves in a clockwise 
direction for an observer facing the propeller. A single induction pipe in 
the rear crankcase fce<lR each cylinder and receives the gases fr<ini the car- 
fiiiretor fitted with a correcler. Ignition is by Salnison magneto and one 
s]»arkiiig plug b»r each cylinder. 

Lubrication is insured by pmiip with return Ui oil tank for oil recr>\ercd 
frmn crankca.se. 



Pig. 495B.~Nine>Cyfinder Salmson 40 Horsepower Air-Cooled Engine. 


The Al)6 air-ciuded engine, <lesigned for use on the light touring plane, 
was registered in Jufie. I'>25. at the mmiinal |H»wer id 25 horsepower at 
'•’Wr.p.ni. As the lowismereil engine is not snfiiciently in demand to 
usiify the huibling of nn entirely new type i>f engine between twelve and 
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40 horsepower, the Societe des Motenrs Salmson simply decided on the 
production of their AD 6 25-horsepo\ver engine. This they derived from 
their nine cylinder AD9 40»horsejM>wer engine, the characteristics of which 
will be found elsewhere, by suppressing on this engine three connecting 
rCKls, three pistons, three cylinders and three sets oi valve gear, preserving 
however, at the same lime a perfect regularity of cycle. The above engine 
fitted tu a Gateau fight plane, rom)>etecl successfully at the meeting of Vaii- 
ville ill July-August. 10i5. It can he adapted with the greatest ease to any 
light plane. The Al)6 25-horKet)ower engine has all its jmncipal parts, 
such as cylinders, connecting ro<ls. pistons, valves, valve-springs, rockers, 
etc. ahscdutcly intcrchangcahle with the corrcsjMmding i»arts of the engines 
A03 twelve-horsciJowcr ami 40luirsct)ower. thus allowing a very 

notc\vc»rthy stamlordization for tlie.se three engines. This engine is shown 
at right of the cut I'hg. 495 A. 

The AD6 25-horsciH>wcr engine is of the stationary radial, air-cooled, 
four-stroke tyjie, having six cylinders. Hore: 70 millimeters; Stroke: 86 
millimelcr.s; Capacily : 1.9R6 culiic ccnlimetcrs; Compression ralio : 5.6 to 1; 
Suspended l>y rear crankcase. Nominal power al l.'KK) r.ji.in. 25 hcjr.se- 
pouter. 

At 1.900 r.p.m. developing 25 h<»rscj)f»\ver: Fuel cofisumplion and oil 
used is 

^ivuUiou Petrol Castor Oil 

Per hour . 6 kgs. 2.^ 500 grs. 

I*cr horsepower hour .250 grs. iOgrs. 

The length i.s GX) millimeters. Maximum radius is 320 millimotcrs. 
Engine complete in running order with iirupcller huh. carhurctor and mag¬ 
neto, without silencer weighs f»0 kilograms. The AD 6 engine has its pro^jcller 
fitted direct to the crankshaft and rcv*>lvcs in a clockwise direction for an 
cjhservcr facing the pn»|Kdlcr. A single induction pipe in the rear crankcase 
feeds each cylinder and receives the gases fr<»m the carburetor fitted with a 
correcter. Ignition is hy Salmson magneto GG9 and two sparking plugs 
per cylinder. Oiling is insured hy pump with return to oil tank of oil re¬ 
covered from crankcase. 

The AD9 40-horsetK)wer. shown at Fig. 495 R. engine is of the station¬ 
ary radial, air-c4»oled. foiir-strokc having nine cylinders. Fore: 70 milli¬ 
meters. Stroke: X6 niillimelers. C apacity : 2,979 cubic centimeters. Coni- 
]>rcssion ratio: 5.6. 'Phe engine is suspended hy rear crankcase. 

Nominal jH»wer at 2.000 r.p.in.: 40 hi>rse|>ower. 

Power on rising at 2,0fX) r.p.m.: 46 htjrsejKiwrr. 

At 2,000 r.p.m. developing 40 h«irseiM>wer the fuel and oil consumption 
is: 

Aviatioti Petrol Castor Oi! 

Per hour . . 9 kgs. 8 4W grs. 

Per ho^:^cpower hour .245 grs. 20 grs, 

The engine dimensions arc: Length: 690 miUimeters. Diameter: 630 milli¬ 
meters. Ivngiiie complete In running onler with propeller hub, carburetor 
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and magneto, without silencer weighs 75 kiltigranis. The ADO engine has 
its propeller fitted direct to the crankshaft and rcvidvcs in a clockwise direc¬ 
tion for an observer facing the propeller. A single induction pipe in the 
rear crankcase feeds each cylinder and receives the gases from the car- 
l)uretor fitted with a corrector. Igiiiiicm is by Salmson magneto GG 9 and 
ime sparking plug per cylinder. Lubrication is insured by pump with re¬ 
turn to oil tank of oil recovered from crankcase. 



Fig. 495C.»ReBr View of Salmeon Five*Cylinder. 65 Horsepower Airplane Engine. 

llic ACS engine of hor.sc|»oncr, shown at i''ig. 495 C. is of the sta¬ 
tionary radial, air-cotded. four-stroke l>pe having five cylinders. Bore; 
100 millimeters. Stroke: 130 inillinicters. 'I'he cubic capacity: 5.105 cubic 
centimeters. Compression ratio; 5 to 5.4 to 1. The engine is suspended by 
rear crankcase. Nominal jmuvit at 1.80() r.p.in.: 65 horsepower cylinder 
in the wind. 

At L800 r.p.in. dcvclc«ping 65 UorsciK)\ver. the fuel and oil consutnp- 
lion is: 


Per hour. 

Per horseiHiwer hours 


.■U'iatiflu Pefro! Costor OU 
. 15 kgs. 925 1kg, 300 
. .245gr8. 20gTs. 
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The engine length: 8i0 millimeters. Diameter; 940 miflimeters. 

The engine weighs complete in running (^rder with magnetos, carbu* 
retor. propeller hub: 110 kilograms or 242 jMmnds. 

The AC 5 engine is adaptc<l for use as a tractor t>r jmshcr, the propeller 
l)eing mounted <iirect on the crankshatt which is fitted with dtmble thrust 
bearings for this purpose. The engine revolves in a clockwise direction 
for an observer facing the propeller. Although easily started with the 
propeller by means of a starter magnet*i, the engine is provided with a 
dislrilnilor fitted at the rear allowing the engine to he started under com¬ 
pression. The five steel cylinders fitte<l with altinunum-finned jackets arc 
fixed singly to the crankcase by studs, and therefore can he removed iude- 
pcmlcritly of each i»thcr. The master comurtlug ro<l. which is ha lanced <aiul 
made of .s|K*rial steel, revolves on a white metal lined central hearing of 
large <lijuensitm. The crankshaft of iiickelH*hr<mie steel carries counter 
weights HO arranged as to Imlnncc the whtde group of connecting nnls in all 
their positions and at all sjieeds. 



Fig. 495D.*»The Cameron Four-ln-Line Air-Cooled 60 Hp. Engine. 


'i'he distrilniliiMi or ^alve action tiperalcd hy a circular cam acts on the 
valves through roller tappets, rockers and adjiistahlc rods. A single inlet 
]>ipe located in rear crankcase feeds each cylinder and receives the gasses 
from a muffler ccmpled to the carlmretor which is fitted w*tth an automatic 
altimetric corrector. Ignition hs hy two Salmson magnetos M 5-20 and 
two sparking plugs of eightccti milHmeters, 1.5 jiilch, |>er cylinder. Oiling 
IS insured by ]mmp with return to <ii] tank of oil recovered from crankcase. 
A circular manifold forming a silencer and pr<ivi<lcd with clearing pipes is 
fitted on request. Besides the starting distributor the engine carries at its 
rear standari^ed fittings for a revolution counter and two j)ctrol pumps. 
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Cameron 60 Hp. Pour'in-Lme Engine.—The illu.stration at Fig. 495 D 
shows a Cameron four-cylinder vertical motor inteiuled fcjr light one- and two- 
jilacc airplanes. It Is clainu'd that this ty|H; uf con.struclion is well adapted for a 
g<K)d streamline iitstallalion. This ntolor uvs the sanx' system of cylinder 
constniclion an<( valve actuation that is found in the regular seven-cylinder 
radial engine. There are four valves \kt cylinder, opposite each other in the 
head so that the c(K)I incoming charge from the inlet valves HweciK» directly past 
the |>afnls of the sjiarkjilugs. ciMiling them an<l a1s<» omiIs the cxliaust valve 
hca<ls. It is also claimed] that this system of valve location t)rrvents pre-igni- 
lioii an<l iletimation at high eotnprcssion. h al^o makes the use of exceptionally 
large valves ]H)s<ihle. Plu* valve s]wrings are horixonlal anil pn)jci*t intJ> the 
air stream so tiuit |»roj)er cooling is assiirtsl at all times. The imiirect actuation 
of the valves hy the use of inteniKxliatc sliding memlters fr<iin vertical r<>cker 
sfuifis give u direct horirontal thrust which eliminates any ixjssihility of ah- 
iiormal wear mi the valve stem guides liecause of angular jiressure of the valve 
Stems. The conuecting-nxis arc c'f dural alloy, the pistons and crankcase are 
of alumimuu: the cylinders with their inu*gra1 hea<ls are of nickel-iron and all 
steel ]«irts are of high strength, heat-treatni stivU es|iccially dcvcioiietl for the 
piir|K»se. 




Tyin' . 

Sunitrr of t‘ylnnlefN. 

li«»rr . 

.Slrokt*. 

t>isd4cenHiil . 

t ‘omjircs>nni KaiH>. 

y»*r Sliimbrd iiu\ . 

r'i»r Aviatiim (ia<* . 

H|i. at Se;4*]evet with sianibrd gas 

hfy KkdKht . 

HcikIjI . 

WkUIi . 

l4STetIl 4lVtT all. 


Kr»yr«in*I-iiM* Air Cooled 
Four 

4.125 iiiclir> 

4.75 inc1ie$ 

2.>4 cuhic imlwi 

Sr2:l 
U U 1 

Hp. at )8ntl R P.M. 

180 |M>iiod«. 

27.75 itirlics 
14 uicIkts 
.W.I25 inches 


Rover Air-Cooled Engine.— Ihe Hover is a foilr-cvlhulcr-in-line, inverte<l, 
;ur-ciH))ed engine of the four cycle lyiw. hdlowiiig couvetitioial practices and of 
sim])le anil rugged constnK'lion. A lK>ri* of inches ami a stroke of live inches 
give a piston tlispluceincnt of 2Mi aihic inches, the normal h.h|i. Iwing 554i0 at 
1,800 Ap.m. The conipresshm ratio is live to otic. The weight of the engine 
complete less starter is 210 iMiunds. It is nwde by the Michigan Screw Qmi- 
l>imy. I^nsing, Mich. 

The crankcase is a deep, well rihl>c<l aUimhium casting with wch.s providing 
Mip|x>rt bctivcTiJ each cylinder for l»olh cranksliaft and camsh.nft U-arings. In- 
^egTal jxissages are fonikd within the casliiig for the full i^ressurc oiling system 
to all liearings. Four |Kids are provuUxI on the sides of the casting for mount¬ 
ing. The crankcase is covcml hy a light, easily niiiovahle cover, which carries 
die breather on top at (Ik* rt*ar as shown at Fig. 4‘15 1*^ .\)l accessories are 

^nuunted on the timing gear cover al llw rt*ur ami nwy l»e rmiuveil as a unit as 
hown at Fig. 4*^5 F. 
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A single camshaft with intcgml cams, is supported In the crankcase and 
is driven by simple spur gearing from the rear end of which the tachometer 
drive is directly connected. Conventional push rod and rocker arm valve action 
is employed with two springs for each valve. 

The hve bearing crankshaft, which is of ample proj>ortions and carefully 
balanced, is moiuUed in steel tiacke<l babbitted liearings. Crankplns and jour* 
nals are bored out for lightness and oil is led to tlic crank]>ins through small 



Fig. 495B.-^Rear Qiiarter View of the Rover Pour-1n*Line Inverted Engine. 

steel tubes cx|»aiuied into position. Pro] idler end thrust is taken by a deep 
grooved ball bearing. Connecting nxls arc duralumin forgings of H section with 
bronze bushed inston ])in ends and liahbittcd big end bearings. 

The cylinders are integral chrome-nickel iron castings, having a, spherical 
form of combustion chamlier with valves inclinwl at ai> angle of 25 degrees. The 
skirts of the cylinders exteixl well into tlie crankcase, preventing oil from en¬ 
tering their open ends due to inverted running. The design has been arranged 
so that any one cylinder may lie reniovcsl without disturbing any of the re¬ 
maining ones. 

The die-cast aluminum jiistons have three rings at the top and one scraper 
ring at the Ixittom. also, a full floating piston ]>in using bronze end i>1ugs. 

Outside Tank Oil.—All oil i.s carried in an outside tank and a conven¬ 
tional two gear pressure jmiii]) delivers oil to all bearings under a pressure of 
35-40 pounds, means lA*ing provnks! fur pressure regulation. A three gear scav¬ 
enger pump drains each end of the crankcase indefiendently and returns the 
oil to the tank. A large oil Altering screen is arraiige<l at the side of the en¬ 
gine where it may l)e easily removetl for cleaning. 

Dual ignition is provided, using two flange mounted Scintilla Magnetos, 
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Ki». 49Sr._Re.r Vie* of Rover Engine Showing IntulUtion of Acceuorie.. 


reSSVrinlS coupling which is incloscl within 

tnc enEine to insure i-a.sy sian.iiR un.kr all cmnlitiims. 

in “Jiu^'nicnt and prim- 

uMil. y at iht rear with iiianifoIdiuR alniiK the side kccnine the 

"'-Itl. o a nn.nnu.... to Mn.,Jiiy ,|« cowIIme „( the eoEiiic in the TW 

Vision IS made for a standard lami or electric staiir ^ 


QUESTIONS KOK REVIEW 

2 o!oin^ *«m speed f.w various type, of LeBlond eneinet 

7 Whai arranKcmein on Anr^ni enginei? 

*■ u/k ‘ Anii.ii engine valve clearancetr 

«. What la an imporunt feature of Salmton engines? 

la Wh« • .1* 7 '^^**"’" “* Cl"'"'"' W-cylinrter engine. 

What It the diHlinciive feature of the Rover engine? 


CHAPTER XXX 


THE A. D. C. CIRRUS ENGINE 

Features of Cirrus Engine^Specifications—General Description^Valvei and Valve 
Gear^Pistons and Connecting Rods—Crankshaft^Crankcase^Cainshaft^Indue- 
tion Manifold—Lubrication—OU Presiur^Ignition—Carburetor—Dismantling 
Engine—Cleaning Part^Eiamination and Assembly of Engin^Instnictions for 
Valve Timing—To Time Magnetos—Running Instructions—Cirrus Engine 
Trouble^Maintenanee—Table of Clearances. 

The Cirriisi Mark 11 engine, manufactured by ihe A.D.C. Aircraft, Ltd,. 
London, England, has in the past several years ostablishecl an enviable 
record. The engine has been supplied to all of the light airplane chil»s sub* 
sidized by the British Air Ministry, and, in addition, the engines have been 
used on flights from England to India ami to South Africa as well as on air 
tours in Kun»pe and Australia. Cirrus engined ]danes claim the light air* 
plane altitude record, the light plane nonstop record, and the distance 
record for a j)iIol unacconi]wanted. The cngine.s have also been in the win¬ 
ning pianos of the Kings Cup Air Races for the past two years; winning 
both first ami .secomi place this year. 

Features of Cirrus Engine.—The Cirrus is a four*<*ylindcr in line, direct 
drive, vertical. air*coj)led engine. It is very simple in conslniction with all 
of the accessories on the right su\v which is .sluuvn at l‘bg. 4')/, In May, 
I92.S, the Cirrus engine passe<l its first ICKLhour test and has been since 
impnwed until it is iit>\v rated at 78 ht»rse|Muver at 1,800 r.p.m. It <ievelop.s 
a maximum oi 84 b<jrseiH»\ver at 2.000 r.p.m. and weighs 280 pounds. 'Ilic 
engine has a wet sump and, theref<»ro. when considering the weight per 
horsejwver it should be realized that the weight of an nil lank, pipe lines, 
collector ring, etc., is eliminated. The Cirrus engine was designed by Ma], 
Frank B. Halford principally for use in the De llavilland “Moth** low- 
powered tw(»-placc biplane, I,.ow cost, ease of maintenance and reliability 
were the main considerations. It has also l>ecii used in the Avro Avian 
ami other light airplanes. 

The new A.D.C. “Cirru.s’’ (Mark H) engine has Inrcn designed to meet 
the special requirements of light aircraft, and. as a rcsull experience 
with the earlier “Cirrus'* (Mark II) engine, new features have been incor¬ 
porated in the design of the Mark 11 type which increase the reliability and 
lessen the cost of maintenance. The following de.scription and illustrations 
will give a clear impression of ibc simplicity and orthodox nature of the 
engine’s design. There arc no cfunplicatcd fittings or other features requir¬ 
ing expert attention. Special iiistriictu»ns <»r ex|>erieiice arc not essential, 
and the engine can be readily umlersUMKl and maintained in perfect run¬ 
ning order by the average owner-driver or motor mechanic. In this re¬ 
spect “Cirrus" engines are of great value. A.s plans arc being made for 
the early manufacture of this engine in the United States, it is believed the 
complete instructions for (Ji>eratiun ami the description furnished by the 

mi 
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makers will l>e of interest ?>ccaiise it will umUiubtcdly he used in a numt>er 
cif airplanes of American construction. The simplicity oi construction and 
robustness of desi^ will f)c apparent from .study of the illustrations, Figs. 
406 to 498 inclusive. 
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Fig. 496.~A.D.C Cirrus (Britiah) Mark II Aviation Engine, One of the Moet Popular 

Erifinci for Light Airplaaea. 
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Fuel tfoniumptioii .0.6 pis. per hp. hr. 

on consumption .0.019 pis. per hp. hr. 

Wttght. dry .280 lbs. 

Weigh! of pUicm .25.S ots. 

Weighl of cciniwciiiig roil .20 ots. 

Compression ratio .4.9 lo I 

Mean effective pressure .110 lbs. per sq. inch. 

Diameter of inlet value .45 tn/m. 

Diamner of exliausi valve .40 m/m. 

Lift of inlet valve .9 m/m. 

Lift of exhaust valve .9 m/m. 

Jnnff Outer 

StreJigtli of inlet spring, open.9.5 lbs. 23.5 lbs. 

Strength of inlet spring. cIommI .1S.5 lbs. M.$ lbs. 

Strength of cxliauM spring. i»pini .9.5 lbs. 23.S lbs. 

.Streugih of exhaust spring. rlosMl.15.5 lbs. 34.5 llis. 

Length overall .11615 lu/m. 

Height overall .004 m/m. 

Width overall .482 m/m. 

Hearer cctiut^ ....540 m/m, 


General Description.—*rhc A.D.C. ^'Cirrus*' (Mark )1) eng^ine is of the 
vertical. four-c^ Iindcr-iiuliiie, air«ciH»lc<l statiunary type. Bore and stroke 
are res]>ectively 110 rnillitncters and \M) milUincters. At l.KOO revolutions 
per minute the engine gives an output of 75 Brake horsepower, and at 2.000 
revolutions (i.e.. the maximum revolutions at which the engine should be 
run), the output is 80 brake h<irsepo\ver. Cylintlers and ryliiuler heads arc 
separate, the cylinders being of cast iron and the cylinder heads of alitmt- 
num alloy, with air-cooling futs cast on each. *J*hc cylinders are spigoted 
into the crankcase and into the beails. the joints between the cylinders aiul 
heads being made by copper and aslnsstos washers. The cinnplete cylinder 
with head is secured to the crankcase by means of four slud.s projecting 
from the crankcase and passing through h<des in the cylinder head. In the 
cylinder heads special bronze seatings for the exhaust and inlet valves are 
screwed and expanded into jiosition. l*lie valve guiilcs, which arc a force 
fit tn the heads, arc of phosphor bronxe. I'rovisiou is also made in each 
cylinder head for fitting two sparking plugs, two gnn-inctal screwed bushes 
being fitted. 

Valves and Valve Gear.—In the crown of each cylinder-head one inlet 
and one exhaust valve is fitted. Both valves are operated by riK*king levers, 
which are in turn o]>erale<i liy means of push rods in cunjunctum with the 
tappet ixkIs located m lliv up|>er jjart of the crankcase. The tappets arc 
actuated directly by the camshaft. 

The rocking levers arc carried i>n a separate steel bracket, which is 
Ixilted to the platform prinddcd un tc»p t>f ihr cylinder heads. The valves 
are of a special nickel steel known as K. H. %5, and the valve springs are 
of the spiral coil type, and are secured by means of split collets and collars. 
The timing of the valves when cohl is as follows:—Inlet opens twelve de¬ 
grees 1}efore tup dead center. Inlet cIohck 70 degrees after Iwttorn dead 
center. Exhaust o]>ens 70 <lcgrcc.s l>cfore Ixutom dead center. Exhaust 
closes 28 degrees after to]> dead center. 
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The valve tappet clearances (cold) are as under: 

Inlet .005-inch 

Exhaust .020-inch 


Pistons and Connecting Rods.—The pistons are aluminum alloy cast* 
ings, the crown.s of which arc adequately reinforced on the underside by 
cross webs. They are fitted with three piston rings of cast-iron. The low¬ 
est of these rings also acts a.s a scraper ring, insomuch as a groove is 
turned in the piston immediately below it, and a number of small holes are 
drilled around this grotwe through which (dl can escape into the inside of 
the piston. This arrangement prevents any excess of oil on the cylinder 



Fig. 497.—'Carburetor Side of A.D.C Mark H Cirrai Engine. 


walls Irom finding its way into the combustion-chaiiiber. The hollow wrist- 
l)m i*!; of the full fi<»atiiig type, that U to say, it is free to turn both in the 
lunisings in tfie piston and also the small end of the connecting rod. End 
play, beyond the maximum tolerance, is prevented by a spring clip or circlip 
at each end, which is inserted into the htnising and allowed to expand into 
fin annular groove, into which it is only f<»rced more tightly when pressed 
by the end of the wristpin. Ihdes are drilled in the gu<lgeon pin housings, 
and also in the small en<l of connecting nnls. through which oil thrown up 
uuo the cylinder can enter, affi»nling ample lubrication for the working 
surfaces. 

The connecting rixls one of which is shown at B. Fig. 500, are made from 
duralumin forgings of section. I'hc cap of the l>ig end is registered to 
die rod by tw<i Ixdts. and the big ends are fitte<l with die-cast white metal 
hearings. On the l>ack of the cap-half of bearing a dowel is provided, cast 
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inte^al with the bearing, which registers into a recess in the cap and pre* 
vents rotation of bearing. As an alternative, phosphor bronze white metal 
lined big end 1)eariiigs can )>e .supplied. 

Crankshaft.—The fonr-throw crankshaft is of solid construction, and, 
as can be seen from the iUiistration. Fig. 5(X) A, an extension forming the 
propeller shaft is secured to the h^rwanl end by means of a keyed cone hub 
and bolts. The complete shaft rotates in five bearings, viz., three die-cast 
white-nietal center l)e.irings, and a roller l»earing at each end. Tlic cajis for 
the roller 1>earing5 aiul center bearings are carrietl liy the n]j|)cr half crank* 
case, and are secured by auuU and nuts. 'J'be caps ;ire steel and <»f ri>bust 
design. In addithm to the bearings mentioned above, a radial thrust bear* 
ing is fitted im tlie extension id jirojKrller shaft. 
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Fig. 498.—Propeller End of A.D.C Cirrus Engine Shown at Left and A nib Propeller 

End Shown at Right. 


Crankcase.—The crankcase i> an alnniiimm alloy casting, divuled along 
the center line of the crankshaft. The iipjier is sliiTened by three 

transverse webs, which also form the housings for the center 1>earings. 
Housings arc also provided in the upper jiortion f(«r carrying the camshaft 
bearings and the upper oil pump sjiindle bearings. }*rovision is also made 
for securing four bearer or Kupi>orting feet. Housings for the hall f>ear* 
ings carrying the timing gears are provided in the tipper half and timing 
gear cover. On the front wall above the nose a small casting is .secured, 
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which acts as an oil filler, and to which breather i>ipcs are attached. 1'he 
lower half, beyond formin^^ in itself a cap for the radial thrust t>eann^, 
merely acts as an oil sump and a cover for the mt>ving: parts. The upper 
and hover jKirtions are bolted together, the joint l>cing cffecled by means of 
u brown paper washer. 
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Camshaft.—All the valves are operated by a single camshaft. It it 
supported in four bearings, the rear being a large ball bearing and the 
remainder phosphor bronze. The shaft is driven off the end of the crank¬ 
shaft through the medium of steel gears stipi)ortc<i, as already mentioned, 
between ball bearings housed in the lop portion of crankcase and timing 
gear cover. The camshaft is clearly shown at Fig. 500 C. A spiral gear 
integral with the camshaft and situated centrally drives the oil pump spin¬ 
dle. Provision is made to couple the tachometer drive to the rear end of 
the camshaft. The liming gear assembly is .shown at Fig. 500 IX 

Induction Manifold.^Thc induction manifohl is of steel, with branches 
to each inlet valve jHjrt as shown at Fig. 4^7. A heated muff is provided 
in the central section, a pipe being taken from the exhaust manifold so that 
the exhaust gases can circulate therein. The joints between the indnetion 
manifold, cylinder heads, and carlniretor, are made with "llaltite** washers. 



Fif. SOO.^Typical Parts of the Cirrus Mark II Engine Showing Substantial Construc¬ 
tion. A^Part of Crankcase with Crankshaft in Place. B—Connecting Rod. 
Camshaft and Timing Gears. D^Timing Gear Assembly. 


Lubrication.«The lower half of the crankcase (usually termed the oil 
base) w’ill contain twelve pints of oil. which is sufficient for above five 
hours' flight. The oil pump i.s arranged at the lowest part of the base, so 
that it is always fliHjdcd or self-primed with oil. The oil pump, which is 
a gear type, forces the oil through a gauze filter, which is arranged hori¬ 
zontally just al>ove the pump, thence thriuigh the main delivery pipe to the 
oil gallery arranged on’ the port side of the engine. The oil gallery is 
connected to passages cast in the top half of the crankcase, which run to 
the center and intermediate licaritigs; the oil is thus forced under pressure 
direct tu each bearing. A diagram of the oiling system is given at Fig. 501. 
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The crankpins are lubricated as follows :~An oil thrower or banjo is fas¬ 
tened to the crankwebs, and the oil overflowing from the adjacent main 
bearing is caught into the interior of this thrower and forced out by centrif¬ 
ugal action to the crankpin; the excess of oil thrown of! the crankpins 
lubricates the other parts uf the engines some jiortiun of it going into the 
cylinders to hihricute the pistons and gudgeon pins. The camshaft, being 
open to the interior of the crankcase, gets suflicieni oil thrown on to it to 
lubricate its bearings, and also the valve tap]>ets and guides. Quarter-inch 
pipes are connected U> the ends of the oil gallery, the forward pipe carrying 
oil to the propeller shaft radial thrust race. aikI the rear pipe to the timing 
gears, so that the oil fmm it lubricates the teeth id the gears. 



Fig. sot.—Oiling System of the A.D.C Mark II Cirrus Engine. 


A few moving parts mi the iuiiside of the engine, such as the rocking 
levers, pins and tappet guides, nutsl \ye idled i»r greased daily. A “Tecale- 
mil** grease gun is pn»vided for forcing grease to the rocking levers and 
pins. Valve stems should he kept clean and well lubricated. A gauze 
^t^ainc^ is fitted iu the upper |>art of the luise, as slunvn at Fig. 501, through 
which all the oil passes after doing its work in the engine; it then drops 
to the iH)ttoin of the base and is used again. The oil should be drained out 
of the crankcase after alnuit every nine hours’ running, the strainer gauze 
carefully cleaned and fresh oil put in. The pump strainer should be cleaned 
after six hours* running. A level indicator, which is graduated in quarts. 

])laced down the side of the base so that it cun easily be withdrawn and 
the level of i»il ascertained. 

Oil Praaeure.—Provision is made (or connecting the oil pressure gauge 
hrough the three*way piece fitted iu the timing gear cover. Pressure 
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should be maintained at altout five to fifteen jhiuihIs when the engine is 
hot A relief valve is fitted, but should tmly come into operation when 
starting up cold, as the t»i! pressure will then immnl up to 25 t<i 30 pounds, 
due to the oil being very much thicker. an<! retiuiring much mow effort to 
force it thnmgh tlic various passages. Suflicient time should l>c allowed 
for the oil to warm up hcfc»re regarding the pressure on the gauge as the 
normal pressure when flying. As a general rule, when the engine is run* 
ning warm, all the oil being pumped should |>ass to the hearings, and no 
additional prcKsiire should recorde<l on the gauge if the relief valve is 
held in for the purjKise of trying this. 

If. hiiwcNcr. the engine is using alKwe the average <|uniUity of oil. the 
spriiigiJii the relief valve shouhl Iw adjusted lo slightly less pressure, when 
a portion of the oil wimld he retuructl to the base instead of all being forced 
to the l>carings. 1'hc average constimplioii of oil should he alHiut .OP) pints 
per horsepower hour. Kfiicienl lubrication with a giaid <piality oil is n 
most im|><irtant feature. 'J*hc following juIs are recouuuetnlctl(.'astrol 
Vacuum “It.It.*' .Shell “Super Miavy A,“ 'rite illustrations of the 
port and starlniard sides of the engine show clearly several of the points 
which have been descriljcd. 

Ignition.—1\\o .sparking plugs arc fitted In each cylinder, and they are 
placed at (Opposite snles of the combustion head in oriler to [>roniote the 
nja.Nimnm raf>nlity of in flam mat ion of the mi.sture. 'Diey are fired by two 
four-cylinder liigh-tension nuigncio.s. uhich are monute<l in tandeTU. 'I'he 
magnetos are manufaciured by Messrs.'I’he Itnti'^h 'riioiiiMm-llouston C\». 
The forward niagiieti» is curried ou a bracket or jdaif^rm cast integral with 
the upi»cr halt craukca.se. uhilc the rear in;igncto is overhung or spigot 
mounted to the tuning gear c«>ver. 'riuy are driven by a common shaft, 
running parallel to the eamshafl, and this shaft is driven by the camshaft. 
The brrward magneto is id the **(j .A. b»ur phitfi»rni lyiu*,’* runs in an anti¬ 
clockwise directum, and is cimpled to the driving shaft by means of a 
flexible Coupling pno i<1e<l with a vernier adjustment t<» facilitate timing. 
The magneto is also fitted with an automatic impulse niechainsTri which 
operates lu such a manner that when the magneto is turning <iver slowly, 
i.e.. when turning the j^roj’eller. a spring is put into tensicjii atnl then .such 
denly released, causing the magneto to revolve rapidly, thus creating a fat 
spark at the plugs. 'I'he rear inagnetii. kimwn as the “(i-A. four spigot- 
mounted type," runs in a clockwi.se <hrection. This is coupled to the driv¬ 
ing shaft by means of a finely serrated coupling. The nimnial titning of 
the magneto is such as to provide a maximum advance of 35 before the top 
<iead center. The <jrdcr <»f firing is 1, 3, 4. 2, ami the cylinders are mim- 
hered from the rear end. 

If the engine will not start, and the ignition is suspected to he the cause, 
first see that the magnetos are sparking. To <hi this, remove a high-tonsiiiti 
wire from the plug terminal, jdacc it close to the cylinder, when on engine 
being turned round by hand, the spark should l>e visdile. Should no spark¬ 
ing occur, examine the magneto a.H bdhiws:—Remove distrifnitor and clean 
the inside of it with a chith .soaked in gasoline. The surface of the brush 
holder, particularly between the .safety gai> electrodes, should he cleaned in 
a similar manner. Remove the dust cover and take out the c<i1leccor brush 
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hol<ler. The a>ne of the Jailer .shoulfi 1>c wiped free c»f all diiit with a cloth 
soaked in gasfdinc. Do not remcive hrush from collector nioiildinj; unless 
tieccssary. The flanges of the slip rinu should lie cleaned by lichlly pressing one 
corner of ihe cloth between the flanjjes and slowly turning ihc engine crank¬ 
shaft. The contacts should l>e clean ami free frmn oil. H contacts arc dirty, 
remove the contact breaker l>odily from the arinatvirc spindle, after first 
removing the center fixing screw. Clean the contacts with very fine emery 
cloth or imjicr, aflcrwanls removing all trace of emery. J<c-fit contact 
breaker, taking care to b»calc the key the contact f>rcakcf base in the 
key way of the armalurc spindle. Check gaji of the contact breaker with 
the feeler gauge, and adjust with ibc spanner, if necessary. When the 
heel of Ihc contact lever is on the higb part of the cam. Ibc gap should he 
0,012 inch. 

Lubrication of Magneto.—'I hc only part needing lnbricali<m is the dis¬ 
tributor gear-wheel bearing. Only a few dmps of light oil. put in the oil 
svell at the dislnhulor end of the niagnet»»s. arc re<iuirtH|. 'I’he magneto 
^Imubl never he completely dismantled, as all parts that iieefl attention 
arc so arranged as to be easily accc**sihlc, 'J'he <li*^nianiling. therefore, will 
not serve any usidiil puriiose. and oidy ihove who are perfectly familiar with 
such apparatus will succeed in rt-asseinbling It jiropcrly. 

Mi.sftriiig in one or more ryliii<lers eau nearly aluuys be pul (Ir)wn to 
faulty plufris; they '‘lumlcl be fre<|uently eNamined. and cleaned with a little 
jietrol. 'I'he pings used on ihis engine arc Lo<lge A 21 K.l..(l. E. 15; 

the <listanee <d the gat) at the tdug t’oinis should be .015 inch. If the gap 
IS too large, the sjnirk will jump aerns.s the .safety ga]) nistea<l of the j>oints 
in the jdugs, so* llial llie rnisture in the cylinders will nol he Ignited. A 
plug may fail ou ing tri the lUMilatiiiu lia>iug broken doun; if this is found 
|o he the case, ihe [dug must he rei»laceil by another. 


Carburetor.—'I lie ty|>c of carburetor fitted is the **naudel Hobson'* 
ik.R.cMI.) .\ eros> sectional elevnliou of llns earbMreti»r is illustrated at 
log. 502- I’rmn this it will be seen that the ililTnser consists of three con¬ 
centric tubes, the one '‘J** calletl the depression tul»c, being screwed into a 
ping *'<)** and drilled with a unmber of .small holes *'!.** 'fhe ping **0*' is 
screwcil into the carburetor UmIv and carries at its lower end aiunher idug 
"f*'* which has a number of holes <lrilled around it to allow* petrol to enter 
the cliffu.ser. Surrounding the tuU* **J‘* and sfddcred to the plug i.s a 
'scctiiid or gtiartl tube *'11.** d’hc u))per end of this lube **11** ct»mcs w ithin 
a -sluiri di.'»tauce of the **eniul>iou head** *‘l>.’* the mtenor comnuiuicatiug 
with the aliuosi»luTe ibrongb the niedintii of the Indcs **N” at the base of 
Ihc milcr tube **().** A slow riiuning jet, **!..** Is -screwe<l into the plug 
P,** and passes through the det»ressinn tuln: **J.'* projecting into the throttle 
barrel *'B.** In the latter, a slot '*A*’ i.s cut. which, when the throttle is 
Hosed, or parliallv chised, forms a suitable choke ariuiiid the slow running 
[ct. A screw' “C" known a.s the **a»r .screw*** projecls to a greater or lesser 
degree into the slut **.'\.** for providing a means of adjusting the mixture 
for slow running, or small throttle opening. 

The fuel level is normally adjusted to stand below* the top of guard 
(iilve “H.'* As the air velocity through the choke increases, this level tends 
fall, uncovering some of the hides ‘H** in (he depresskm tube **J.’* Air 





1064 


MODERN AVIATION ENGINES 


is then drawn in through the holes “N** entering such holes in the depres¬ 
sion tube as may be uncovered. Within the depression tube, this air mixes 
intimately with the fuel forming an ^'emulsion** which is finally expelled 
through the holes in the emulsion head Further increase in air 

velocity through the choke lowers the fuel level within the guard tul>e ‘'H** 
still more, uncovering thereby other holes in the depression tube, and ad¬ 
mitting more air. Uy this means the ratio uf fuel to air is kept approxi¬ 
mately constant for varying engine speeds. 



502.—Part Seetiorul View Showing Construction of CUudel'Hoboon Carburetor 

Used on Cirrus Mark II Enpne. 

When the diffuser is removed for inspection, care must be taken in 
handling the parts, as they are made of very thin material and are easily 
crushed or bruised. When re-a.sscm1>1ing. see that the outer tul>e ''G*' if> 
correctly seated uinm the spigots provhled 1»ef<»rc screwing up the depres¬ 
sion tube **}.** This outer tube must l>e replaced with the holes at the 
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bottom of the <]iffu^er. Reference to the drawing will show that the plug 
•P*' screws up against the end of depression tube "J.** In order to ensure 
lUat the outer tube “G” is held securely in position, the repression tube 
should be screwed up before the plug “P." When the throttle is in the 
closed position, that is, set against the stop provided, sufficient petrol is 
supplied by the pilot jet “L’* to run the engine shnvly. Fuel enters this 
let through holes “Q” at the base, a restrictiim regulating the amount 
which may pass. AI)ovc this, restriction holes “F*’ arc arranged, their 
function being tlic admis.siou of air to form a finely atomised mixture. The 
iluly of the air-screw **C’* is to provide a means of adjusting the choke 
area around the pilot jet, that is. the area of the sh)t **A,” thereby enrich¬ 
ing or weakening tltc mixture snt>p]ied at closed thnUlle or small open¬ 
ings. It should be noted, however, that its effect ii|>on the mixture rapidly 
ilecreascs as the throttle is moved from the slow running position, and at 
full or moiierutc throttle openings ceases altogether. A bypass is provided 
past the ihrotile, cimtroilcd by the screw "S/* This regulates the quantity 
of gas jKissing to the engine when nmning .slowly, the quality l>eing con- 
trollcfl by the air screw.s. 

A means of ci»rrecliug the mixture is provided on this carburetor by 
means of a varialilc jcl. This is arrangeil. a.s shown, in the passage from 
the final chamluT, ami consists i»f a needle vaUe provided w'ilh tapered 
.slots or grooves. s<Mhs|H>scd that the area of the jiassage is varied, according 
to tlic vertical |^o.silion uf the needle. The operating mechanism for this 
needle valve has been so arranged that It i.< n coinjiaratively simple matter 
to alter the setting of the vuKc. The needle valve is .shown at ‘’NV,“ its 
sininlle pa.ssing through the ping “X,** which is screwed inU» the IkhI)* of 
tile carburetor, 'riiis plug *‘X'‘ is provided on the outside with a coarsc-pitch 
square thread, aiul tin to this thread is screwed a sleeve to which is 
clippetl the control lever A collar *‘1"” screwctl on tt» the needle valve 

abuts against tlie sleeve **T** f>eing merely a li»ck*nut. Cbi moving the 

lever to rotate the sleeve, it w'ill l>c observetl that the valve is lifted, its 
return motion lieing conirollcti by the sjiring 

The best position ff»r the screwetl collar *T>.” relative to the tapered 
grooves of valve ‘‘X\’.’* is bniml when the engine is under test, the top of 
the spindle iK'ing then filled tlnsh with the UK'k-nnt and carefully marked. 
'I'his setting shouM no account Iw altered ami should it have been nec¬ 
essary to release the liK.*k-mil for dismantlitig purposes, care should 
lie taken to replace and l<»ck it in iposition acciirditig to the marks referred 
to. S])ecial pro> isiini has been made tm this carburetor Xo neutralise the 
effects of localir.ed pressure variations due t<i ethly currents. On the draw¬ 
ing it will be cd*servcd that a passage is provided, connecting the top 
•i the float chamber wdth the main air intake. In addition, air snjiplied to 
the diffuser is taken frtim the .same source, namely, ibrougli the holes *‘N.” 
The result is that the mixture strength is niaint.iincd constant despite slight 
variations of pressure due t<» eddy currents in the vicinity of the inlets. 

Dismantling Engine.—Assuming that the engine is out of the airplane 
ind it is necessary to dismantle it. the folhiwing procedure should l>e 
idoptcd and the parts taken off in the order intlicated:—Small parts should 

placed in lM»xes, and nuts replaced on their respective Ixilts as each is 
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disinantleil. Place cnj^nnc tm convenient stancl or trc&tles. See that oil is 
drained out of Remove exhaust manifold. Remove idng’s. Remove 

push rods. Reiiuivc contnd shaft. Keiiiove inlet manifold anil carburetor. 
Remove magnetos. Remove tapja'ts. oil pump drive, oil filler and breather 
pipes. Remove the nuts securing cylinder, and then remove the cylinder 
heads. 

If the head is tight on the cylinder, it is licttcr t<j remove the whole 
cylinder assembly, afterwards removing the head by a few blow.s with a 
|iiece of bard wood inside the cylinder. On no account attempt to jiry the 
bead off by means of a lever under the fins. 'The jiislons cun now be re- 
lUoveil by first extracting the circlips which jM»silion the wristpiii laterally. 
Uefore placing tlie pistmis oti the bench, note should l>c taken of the cylin- 
<lers to which they belong, and the wristpins placed in their own pistons. 

Remove the mils securing timing gear cover, and then ease off the 
cover by gently tapping the lugs t»rovi<le<l for tins jinrpo.se. Remove the 
timing gears, but first see that they are marked as shown on phot<igra])h 
of the timing gear with pnnch marks to show projier jiolnts f<tr meshing 
the teeth. Next remove the four M*rews from the oil retainer and liming 
disc the front of the engine. l>o iu»l pry it <»ff, it can be removeil with 
shaft \\hen snmp is off. 'I'he oil gallery can now be reinoNed. 'Po remove 
camshaft, first remove end ]j)ngand dri\e rmt shaft with a brus^ drift. 1'be 
engine can now f»e turned over anil the sump remo>ed. The crankshaft 
assembly i.s now ex^xised as at I'lg. .^IK) A, l*'ir.sl remove oil ibro\Ners 
from crunk wel>s and then the main bearing caps. 1'hu whole crankshaft 
with cminecting rods can then be taken out. (In no accmint should tlie 
])ro])eller shaft be dismantled except when it is Ticcc'^sary to be renesseil. 
Dismatille the connecting nsls from crankshaft. Remove the idl pnmp ut 
base of sump. Remove the oil relief valve and oil filter from base of snm]». 

Assuming that the engine has been taken dinvn for overbanl, the billow¬ 
ing is the proceilurc of re-exam mat ion and re •assembly, first takmg care 
that every part has been thoroughly washed in kerosene ainl left to dry In 
draining, not by n iinng. as this is liable to leave jjarticlcs of material which 
will stop \\]t oil ways, filters, etc. All oil iias'*age.s slicubl be powerfully 
syringed through. I%xamiiic big ends of connecting rods for slackness and 
Soundness of while metal. Do not fit too lightly. The rod shouhl be so 
fitted lhat it is tpnle free wilboul any feeling of mck, Rxamlne gudgeon 
pin for wear and slackness in piston aiul small etui of coiineclmg roil. 

Examine the crankshaft, also the ball and roller lieariitgs for wear and 
the gear for wear and fit. Wlien re-fitting to crankcase, remember tliai the 
crankshaft is liH'aled by the three ball l*earings; if when these are clamped 
into ^Kisition the shaft i.s more than .OUi-inch off either the center or inier- 
mediate white-metal bearings, the lR»aring should be rejdaced. Do not fit 
the bearing caps so that the shaft is forced to meet the ujiper halves. When 
fitted, it should be ixissible to turn the whole assembly by hand without 
effort. When the crankshaft assembly is in iKisition, the oil throwers or 
banjos should be fitted anil carefully lockeil with wire. Examine the cam¬ 
shaft for condition of cams and gears, also examine the camshaft bearings 
in crankcase for wear. 
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The oil pump, hoiiom filler and oil release valve, after examination, 
sihould now he fitted to the sump. See also that the large oi! strainer gauze 
is cleaned and fitted. The sum]> can now l>e fitted to the crankcase. The 
engine ran he turned over. The pistons .shcnild he cleaned of carbon deposit, 
inside as well as out. Carefully examine rings. If worn or distorted, or 
if there is any sign of “blowing past,** change for new. These should he then 
well ]ap])cd into the cylinder. The ]>iston rings heing of cast-iron and small 
in section, arc very delicate ami easily broken. They can best he removed 
fr(»m the piston by ii.sing three strips of tin or gT(»und down hacksaw blades 
about }4-inch wide, which are idatc<! at c<niai di.stances round the pist(m 
and under the ring to Ik* removed, which can then he slipjied t»fT easily. It 
is necessary to tluiroughly clean the gnsoes inU> which they fit, as, if any 
deposit is left in the grooves it forces the rings and makes them tof> 
light a fit in the cyliiKlrrs. Check the ring gap-i and nNo the side clearance 
ill the grooves. Check clearances of ginlgcon pin and jnslon. After this 
exaininatioii justons can 1 h* fittcil. care l^ing taken to ensure that the 
circli]^s have lieeii fitted to jMj.sition the ginlgefUi pin. 

Clean cyliinlers and lieatls. ICxumme valves and valve scats, and check 
\nlvc guide clearances. If fimnd necessary to fit a new valve, this should 
l>c gnmnd in iviili grintiing pn>te, or floured emery mixed with oil, A 
valve slmuhl n<»l he gnmnd by continuous rotary motion, but by turning 
ft backwards and forwards on its .seat, two revolutions at a time, and lifting 
it off its seat at each reversal of motion. A bright ring should he obtained 
on the valve and .seat. It is cs'^enlial to see that both arc good, as it is 
jiussihle to obtain a bright ring on the valve when it is only resting <vn three 
points. .After this ojieralicm. valves and seals .should be thoroughly cleaned 
by washing in keri>sene oil and left to dram. Sec that no sliar)) ])oints arc 
left anywhere in the beads, as they may cause preigni(ii»u: for example, 
tlie screw <lnvcr or I^kiI used in valve grim ling may have burre<l up the slot. 
Cylinders and hea<is >h«nibl now be filled. The head slumid be placed 
evenly on the eyllmler. with preferably a new copper and a.sbestos washer 
between. 


Examination and Assembly of Engine.—The cylinder holding down 
nuts should then be tightened, giving half a turn to each, working from 
Mppnsite Corners until the head is held firmly in |>o>ition. and the joint just 
air-iiglii. If there is a leakage j>ast the joint when running, the washer 
will .soon I'urnl away. ( bi the other hand I lie luMd must not be screwed 
rlow'ii too tightly or when expansion takes place it wilt l>c liable to crack. 
The faces of the inlet an<l exhati.st ]Hirts slunild be checked w ith a straighl- 
c<lge for alignment, otherwise air leaks and/or strained manifolds will re¬ 
sult. The iiKliietion manifold slumid now be fitted, care being taken to 
ensure that the “llallite** washer.s are fitted at joints. Taiipets, push rods 
and rtkckers slumbl now be assembled. Ntwv secure the oil retainer and 
timing disc to nose, and tlie engine is ready ft»r valve timing. 

Instructions for Valve Timing.—.All engines are erected with timing 
marks on gears as shown on the iUusiratioii of titiiiiig gears. To time the 
engine, it i.s only necessary to engage the idler or intermediate gear so 
that these marks corres|Hui<l. 

H it should lie necessary at any time to replace any part of the gearing. 
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thereby having no marking'to guule in the erection, proceed as follows: 

Set the tappets of No. 1 cylinder to the correct clearance, then with the 
idler gear out, turn the crankshaft until the pointer on the propeller boss 
shows inlet valve opening, then turn camshaft in a clockwise direction until 
No. 1 inlet valve is just about to open and mesh in idler gear. If the gear 
will not mesh, the camshaft gear must be turned on its hub or boss one 
hole. Again set the camshaft as iKfore mentioned, when the idler will he 
able to he inserted into position. H;tving set the p<nntcr correctly, the 
gears should now be marked. The valve timing diagram is shown at Fig. 
503. 


OBAO C<N v m % 





Pig. 503.—rCirms Valve Timing Diagram. 


When the engine has lieen timed correctly, reidace the timing gear 
cover, but make sure that the joint washer is fitted between crankcase and 
cover. Replace magneto drive h<itisingN ami drive. Time magnetos, and 
adjust all clearances. To time rear magneto: Set No. 1 cylinder so that the 
pointer on the propeller buss indicates magneto advance, i.e.. 35 degrees. 
Set magneto so that the points are just breaking, with the rotor at the posi* 
tion of No. 1 on the distribut<»r. making sure that the breaker cover is at the 
full advance position. The serrated coupling can now be placed in mesh; 
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secure magneto to cover and lock the screws with wire. To time front 
magneto: Set rear magneto so that the points are just breaking. Now set 
front magneto likewise and engage the vernier coupling. Care should be 
taken not to engage this coupling too tightly in mesh, otherwise early 
failure of the impulse starter mechanism will occur. 

The oil pump drive can now be replaced. Fit carburetor and support 
bracket. Fit oil gallery pipe, it is advisable to replace old washers with 
new ones, treating these with a little shellac or hennetite. Fit breather 
pipes and oil filler. 

Running Instructions.-^Soe that the ground wire is in position and that 
(he switch is o(T. 'riini on gasulinc and then give the ]>ropetler two or three 
swing.s ii» .suck a charge in. Now get the projudlcr in such a jKisttlon that 
the engine is just on compression, and the impulse starter about to act. 
Then, with switch on an<l the throttle slightly open, give a sharp pull over, 
when the engine ivill start up. When the engine has started it should be 
run at a moiUTale sjned. say 500 to 6(X) revointiims, ior alxmt five minutes, 
after which the throttle may gradually Ih; opened up to full throttle. On no 
account should the engine Ik: rapidly accelerated from cold, as time must he 
allowed for the oil to get warm ami so ficpw* easily thnmgh the lubrication 
system, otherwise a suhicient supjdy may not be fctl to the bearings, etc., 
and serious damage ma> ensue. The oil pressure slumhl be between five 
to fifteen pound.s when warmetl iij). 

Should repeated eOorts fail to start the engine, or the running 1>e faulty, 
(he following are likely rvasoto*:—1. The iinjailse starter may be sticking, 
due guntmitig oil or dirt. Wash out with kerosene and lubricate with thin 
oil. 2. Faulty carbnretion. Sec if the fuel is rcachitig the carburetor pro- 
]»erly. If it is not, it may Iw due to any of the bdlowing cau.scs: No fuel 
in tank. Fuel not turned on. The air vent in the filler caj) of lank or the 
vent pipe may be stopped uji. A <lr<»p of water may get into the supply 
)>i|)e and cause trouble, or an air-lock may stop the supply. The needle 
calve in the fli»at chamber may slick. The wire gauze of the filter may be 
tlirty; this slunild 1 h' cleaue<l out at fretjuent intervals. Some obstruction 
ill the piping may rcc|uirc rcmoi iug. 

The mixture may be weak, due li» choked jet. A weak mixture will 
cause backfiring or lM>ppiug in the carburetor. It is rarely through any 
defect of the inlet valve that poiiping Kcurs. but it is possible for jjarticles 
of grit to gel under the seat, and prevent it closing properly, or for a valve 
Lo stick in its guide. An important ]H>int to rememlnT is that when a ma« 
chine ascends, the air becomes rarefied, and an engine which is giving its 
full pipwer on the grouml may drop in jMnver considerably when in flight, 
although the propeller sjieed usually increases. The maximum revolutions 
j‘cr miinilc on the grouml are usually alxpiit l,7S0 ti> 1.S50. This fact, that 
I he engine ha.s to run in a difTerent atmo.'«phcrc when in flight, has to be 
taken into account when testing on the ground and must mmlify to some 
< xtent the conclusions that are come to in the latter case. 

The mixture may l>c ti»o strong, due to fttKiding. This is caused by the 
leedle valve in the carburetor imt seating properly, either by s<nne particle 
f dirt getting under the cone, or the valve may rer]iiire grinding in. The 
alter .should be done very carefully, wilhoui using emery or grinding paste, 
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as anything gritty will iU*stroy the surface; a little metal pnlish will prob¬ 
ably enable the valve to ground quite tight its seating. A punctured 
float will also cause fltKidlng. This can easily l>e <*nre<l bv immersing the 
float in hot water, when the fuel in the interior will cva|sirate and enable 
the leak to bo locateil; the leak can then Ik.* soldereil up. When engines 
leave the works the variable jets arc hicked in position after the engine 
has been tuned uji on the standard airscrew. 

Missing Fire, May be Due to.—(a) Faulty plug. If possible, discover the 
cylinder at fault ami fit new pings. In case uf doubt, cliauge all plugs, (b) 
Contact breakers cm magnetos slicking, fc) Fanlly ignition leads, (d) 
A sticking valve or broken valve spring, fe) Incorrect adjustment of 
tappets. 

Overheating.—The cause may nearly always be juit dcjwn to a weak 
mixture. <iuc to a choked jet. toi» small a jet. or air-leaks between the car¬ 
buretor and inlet valves. In the case of one of the cylinders only giving 
trouble, it >vill usually be found that the cimijiressinii is weak, ami on 
fitting a new cylinder head joint ami imlucticm pljie joints and a new sot 
of piston rings, well lapjied int<» the cyliiuler. the trouble will disajipeur. 
fit is most iinport.int that the cutnjiression in all the heads sbouhl be con¬ 
stant,) Overheating may alsc* be caused by jireiguitioii due to dirty con¬ 
dition of combustnm heads or faulty plugs. Running the engine with open 
exhaust vvill sc him show* u]) which <»{ the cylinders are running wtdl and 
which are not. I'be cxhau.st should have a bine Hunsen-like llame. and a 
while or yellowish flame imUcales a weak mixture, which will cveiiinaily 
heat the cylinder and cause trouble, while red (lames or black soi^ty exhaust 
indicate a rich mixture. 

Poor Compression in Cirrus Engines May be Due to.—(a) I'aulty valves 
or valve scats which re<|uirc regriinliiig. (b| Incorrect tappet clearance, 
preventing the valves .sealing jirotirrly. (c) Uroken val\e s))ritig. (A) 
Valve not free in guide, (e) Waive rocker binding on ])in. if) I'aully 
sparking plug or adaptor, (g) Itrokcu piston ring. 

Unsuitable Propeller.—Failure to attain the correct rate i>f rcvoUiticm 
may be due t<» an unsuitable ])r<»]ieller ami not Ir* any fault of the engine. 
Should the maximum sjM*e<l t»f the engine, therefore, be bel<iw the m»rtnal. 
although none *»i the foregoing builts are present, amUher i>rcj(»eller known 
to be correct should he tried. An engine vilirating or kiicK'king excessively 
should be stopped as 5(K»n as |M»ssiblc. A regular vibration is jirobably 
caused by an unbalanced propeller, and another should be lrie<i. Vibrations 
occurring only at certain s]feeds may l>e caused by loose hoUling-<low'n holts 
or slack fittings on the engine nioiinling. A projHdler liH»se on its shaft, 
missing fire, jireignition, or excessive lapjiet clearance arc all likely to 
cause knocking, as are loose l>carings and overheating. 

Maintenance.—After each days flying. (1) Clean out fuel filters. (2) 
Inspect carefully all engine controls. (3) Examine fuel anci oil pipe line 
joints. (4) Check the tightness of all main nuts and Ik>Ii.s. (5) Inspect 
valve gear and cylinder heads. Check valve clearances. (6) Test pnjpeller 
huh for tighlne.ss on crankshaft and propeller tightness on hub. (7) 
Clean out oil jmmp strainer. 
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After each ten hniirs: ()) Charge the nnker fulcnnn pins with grease, 
using the Tecaleniit grease gnns supplied. (2) (irease push rmls and valve 
*tctns with graphite grease. (3) Clean s|>arking ])lugs and re-.set gap. (4) 
Drain and flush out carhiiri!(i>r fltiat chanihcr. (S) Chwk tappets. Inlet 
.(K)5-inch, exhaust .020-inch. (6) Change (»i1, drain while engine is h<d. 

After twenty hours, in addition in the i>uinl.s called for after ten hours. 
(1) Examine ccnitact breaker. (2) iCxaininc and clean inagnePi lli^lnbut<J^. 

After each 100 hours running. A l**p overhaul sinnild be given, the 
ryltnder heads being Iifte<l and de-carlH»nize<t. and the valves dismantled. 
► xaminctl and reground in. if necessary. The cylinders can be lifted during 
iliis operation and the cotniltioii of the pistons, gudgeon pins, etc., asccr- 
;;oncd. After ?G0 lumrs running the engine should be rctnove<l fnmi the 
niacbiiie. coin pi del y slrippe<l. cleaned, insjiected and riverhaulcd. 

Table of Clearances.— To faeditate exaininotion for wear the folltnving 
r:iblc of clearances allowed on the working j^arts. nhen new. is given fi>r 
reference: 


Main lK*arings, diaineter clearance liciueen iH'aring and shaft: 

.Mm. .U)l5in. .Max. .(KM in. 


Side clearance ceniiT 

[•caring eaib snle: 


l'‘ront . 

..Mm. .010hi. 

Mh.s. .015 in. 

Rear. 

., .Mm .O.U^ in. 

Max. .040iu. 

Connecting rod.s. dianicler clearance 1>ctwccn 1 

•earing and shaft: 


Mill. .tKtl.^m. 

Max .(K)4 in. 

Side clearance 

Mm. .olO in. 

Max. .020in. (total) 

Crndgcon m pi^ton: 


Miji, f>il0?in. 

Push fit 

Max. .0015 in. 

Pi.str>n ill cvlintlen 

A 


Tnv. 

lUiTTOM. 


Mm. .026 in. 

Mm. .020 ill. 


Max. .0,15 in. 

Max .024 m. 

kinjj i;ai>: 


Mm. .020 111 . 

Max. .030 in. 

Clearance in grooves 




M in. .005 in. 

Max. .007 in. 

Camshaft bearings: 

End . 

...Min. ,im in. 

Max .(04 in. 

Intermediate 

Min. .0015 in. 

Ma.x .005 in. 

Oil Puini> <lrive bush : 



Min. .001 in. 

Max. .tXXlSin. 

\'alve guides: 

Exhaust . 

.. Min. .004in. 

Max. .006in, 

Inlet. 

.. Min. .(KKl in. 

Max. .005 in. 
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Valve tappet clearances: 

Inlet....... .005 in. 

Exhaust... .020 in* 


QUESTIONS rOR REVIEW 

Outline main features of A.D.C. Cirrus engine. 

2. Describe Cirrus cylinder consiruclion. 

3, What arc valve tappet clearances used with A.D.C. Cirrus engines? 

A. Dcscrilie Cirru> engine crankshuft construction. 

5. Outline Cirrus engine lubrication system. 

6. What oil pressure should be used on Cirrus engines? 

7. Describe construction of carburetor used with Cirrus engines. 

fl. What precautions are necessary in removing cylinder heads from cylinders? 

9. How is vnivi* timing tlotie i»n Cirrus enginrs*^ 

10. Outline main running instructions for Cirrus engines, 
n. What is the piston clearance in Cirrus engines? 

12. What is the correct piston ring gap? 

U. What clearance is allowed in valve stem guides? 

14. Do connecting rod big end bearings have runiniig clearance' if so. what is it? 

15. What is the side clearance each side of crankdhaft center bearing and why is it 
necessary 
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RYAN-SIEMENS ENGINE 

Miin Putufet, Ryan^Skment Enginea^Specifications, Ryan> Siemens Engine^Pit- 
ting Engine in Fu4elag&^Exhaust Collector and Pre-heating Device—General 
Description—Pne I and Lubrication Systems—Ryan •Siemens Ignition—Starting 
the Engine—Running the Engine—Dismantling the Engine—Assembling the En¬ 
gine—Special Tools for Ryan-Siemens Engines—Ignition Troubles—Carburetion 
Troubles—Lubrication Troubles—Miscellaneous Troubles—Top Overhaul-The 
Sum Carburetor. 

The Siemens Kndinl J'mifines arc air-ct»iU*d imgines with five, seven, or 
nine stationary, nourotating: cy}infler> arrant^i'd radially and iu one fdane 
on a crankcase split on the center line, which coniains tlic single-throw 
crankshaft with hall hearing's. The drop \alvrs are ojUTUted hy thrust rods 
and roller tappets. The cam drum is driven hy a tinnhcd jrearinp in the 
front crankcase. Four. six. and eitjht conncclinj: rod** arc connected in a 
joint to the head of the master nwl <jj>eratinj; ui^on the crank over two 
sturdy l>athhearin|;s. The five-cyltinkT engine is t^rovided with one car¬ 
buretor, the seven- and nine-cylinder etij^ines with two each. Each engine 
IS supplied wilh two SicmeiiH high-tciisi<ni inagiiet4»s. These engines are 
know n as the .Siemens-Ualske in Germanv. 

Main Features* Ryan-Siemens Engines. —On retpiest the engines are 
ef|uippcd as follows: (a) I'.xhaust collect<»r and preheater, (h) Electric 
starting device consisting (»f Hosch starter ftype llGeo h/12) and spur 
wheel rim fixetl to the screw boss, fcl A s|Kcial drive for the connection 
of a flexible shaft for operating a lighting rlyiiamn. etc. ticnerally, the en¬ 
gines seen from the front a.s at Kig. .W. run ci«»ckwise: on recjuosl, though, 
they can also he .suppliejt to run in the rever>€ direction. Tlie engines are 
suiiahlc for cither a push- or piill-.screw <lrive. .Ml cngitics liave a hore and 
stroke of 100 by liO millimeters respectively, and a conijire.ssion ratio of 
1 ;5.6. The nominal outputs are (ifl. JW. aud lOS horsc]«iwer res])crtively at 
1.500 r.]).m. The cngtne.s reach a maxinnim output of 70. and 125 horse¬ 
power at 1,7.50 r.p.m. The fuel consumption tluring an 80 hour contiiiiutus 
run under official supervisimi proved to bo 2*50 gallons jier horsepower-hour 
under full load; it is between 2JO unti 240 gallons jier lu)vseiwo\er-hour. 
The oil consumplhm varies between eight and twelve gallons per horse- 
power-hoiir. The engines, wilh all auxiliary apinralus ineluded, neigh 117, 
148, and 173 kilograms respectively, in accordance witli a unit weight of 
1''67, 1®54, and Pv^8 kilograms jkt horseiiowcr. The weight of the screw 
boss of the fiv'e- and seven-cylinder engines is 3*1 kilogr.iins and that of the 
nine-cylinder type 3'5 kilograms. The unit weight of these engines com¬ 
pared with the water-cooleii vertical type is cotisulcrahly Kmer. The con- 
truction U substantial ajul reliable: i>all-l)earings throughout, and two 
iiagnctos are cinph»yrd. The Siemens engines are said to In; particularly 
lurable. They are greatly adapted to the high requirements in instruction 
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flights as well as in cross-countr>' flights. The makers have provided amply 
equipped tool boxes containing all special tools required as well as a certain 
number of spare parts, All spare parts should only he obtained from the 
makers or their authorized sales agents. No guarantee can be given for 
spare parts purchased elsewhere. 


SPECIFICATIOKS-RVAN-SIEMENS ENGINES 




Mtni. i S 

MM 7 

Mf>4e\ 9 

Number of cylindem . 

^ « 

.5 

7 

9 

Rnre . 

.. ..liH'he« 

3.037 

3.037 

3.037 

Stroke . 

.. .. IlK’llCS 

4 724 

4.724 

4.724 

Piston displacement .. 

....I'libK’ inclkcs 

2fl7 40 

402 12 

517.45 

Compres^uiri ratio . 

« • • 

,^.6 1 

5<i 1 

56:1 

Revolutions per minute. 

* • 4 • 

150(1.1750 

1500-175(1 

1500-1750 

Guaranteed horsepower at uca level. 





175(1 R. P. M. 

.. - flf^r^epirtsrr 

70 

06 

125 

Normal tonpie . 

... .PiHiiids feel 

JI7 

280 

361 

Weight dry (without pr.*pfller luiHj . 

.. .Poinids 

258 


382 

Weight of propeller bub compleic ... 

' .. Pounds 

6.85 

6 85 

7.72 

Unit weight . 

... .Poinids per hfirsc- 





p(iwcr 

36R 

3 40 

3 05 

Fuel consumption cruidiig spee*l .... 

• • ><ialliHis per l)(»ur 

5-6 

7-8 

8-9 

Oil cocisumplion cruising siwrd .. > 

• ••(i.illons per li«nir 

.14 

-19 

.23 

Fuel consumption cruiwng speed ... 

• •'Ptiinids per birsc* 





1 lower hour 

.4<^.53 

,40.53 

.49..53 

Oil consumptiirti cruising <pec<] .... 

• • •P<n«ids per Ivirsc- 





]iower hou* 

.(118.027 

.Ol8-.a27 

,018-.027 

Maximum diameter . 

• • • • liielies 

40 5 

40 5 

40.5 

Maximum Iciigili . 

. Incites 

338 

320 

32.0 


Dimensions of cruic. 4^»x46x42 46x46x42 46x46x42 

Approximate ^hippiitc weight .!*nuJi<K 630 675 720 

Average additHHial weight of electric 

starter, including luittcry.Pr>mid» 7S 75 75 

Average additumat weight of exhauM 

collector ring with preheater . ... |\>uiids 12.5 1S.5 20.0 

Distance fmm front end of propeller 

huh to center of gmvrty . .. .Inclic*. 200 19.9 196 

Distance from front end of propeller 

hub lo mounting flange .Inches 24.25 24.25 24.25 

Fitting Engine in Fuselage.—The chief point fo be borne tn mind when 
fitting the engine is the ea^v acccNsibiliiy of the engine and all auxiliary 
apparatus and cables. 1 1 should aUvitys be easy to tHsinanllc the magnetos 
as well as the oil- and air-jiump (free space of about 30 cenliiuetcrs at the 
back). The arrangemeni shonhl be such as to permit of swinging out the 
engine with its framework from the plane (see Fig. 50». Hand oil- and 
air-pump.s .should he filte<l as lo be easily accessible from the pilot’s seal. 
The revolution meter should always he visible. In or<ler to prevent fire, 
a firc-jiroof exhaust pipe shoubi he used I Siemens exhaust collector) and 
provision he made for an outlet ami suflicienl venlilaiioii for all chambers 
in which fuel is af>t to gather in the case cd leaks. In any case a fire bulk¬ 
head must be provided between the engine and the pilot’s scat. The best 
position for the air supply tubes lo the carburetors is outside the plane body 
well away from the exhaust tubes. If |^os^iblc, the wind jiressure should 
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1)C utilized, safely avoiding all such parts at which <le]>ressinn or partial 
vacuum may occur in flight. The installation drawing at Fig. 505 gives all 
iinportaiit dimensions and nn outline d( the engine. The dotted lines at the 
tiase o£ the engine show the position of the starter and gear. 



Fif. S(H.^Siement*HaJike Radial Air>Coe1ed Engine Type Sh. XII. with Exhaust 

Collector. Air Preheater and Starter Base. 


It is always cle.siraldc f^r acnxlynaiiiic reastms ti» partly encase the 
‘‘iigine with suitable cowling thus reducing the air*resistaiice. The advan- 
•uge afforded by such a ca.sing is that the engine, for the greater i>art, is 
j-rotected against the head wind and that, accordingly, the thermal condi- 
•'ons of the engine du iu»l vary nearly so much in summer and winter on 
the test bench and in actual llight. which renders the working conditions 
*dii>ost equal for all cases. .A .special form of ctnvling should be used, only 
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leaving the aluminum alloy cylinder heads uncovered. The makers and 
their sales agents are at all times prepared to give constructive advice upon 
installation and, therefore, invite enquine.s upon all questions pertaining to 
engine fitting. 

Exhaust Collector and Preheating Device.-—On special request, Ryan- 
Sieincns Radial engines are supplied with an exhaust pijie, shown at Fig. 
504, simultaneously serving to preheat the air drawn in as well as to collect 
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and discharge the exhaust gases. The exhaust collector affords the follow- 
>ng advantages: 

(a) The exhaust noise, the sharp rejwrt of which may inconvenience 
the pilot as well as the passengers, is considerably lessened. 

(b) The whole alrjdanc is more protected since a soiling of fuselage 
and planes by oil and soot is rendered impossihlc or greatly reduced. 




Fig. JM.^Methed of InitalJing Siement Radial Atr-Cooled Sngine in the Helnkcl 
AirplaiM. Note the Swinging Motor Mounting whieh Mekee the Engine Accessible 
from AU Sides. The Front End of the Fuselage Should be a Fire-Proof Bulk Head. 


(c) The exhaust gases are conducted off outside the fuselage, the com¬ 
bustion gasea no longer bothering the passengers. 

(d) The air taken in by the carburetor heats up. the result being a better 
operation of the engine in the slow-running t^osition, particularly 
winter. 
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(c) The primary atr drawn in being: well healed ensures a better dis¬ 
tribution of gas to the various cylinders since precipitation of fuel 
within the distribution pi]>ing is avoided. This produces a steady 
running of the engine even at very low temperatures and is impor¬ 
tant for dying at great altitudes. 

(f) A better mixture causes better combustion within the cylinders and 
thus prevents the sooting<»f the pings, particularly when the engine 
is rnuning without load and with the throttle only half open. 

(g) No freezing of carburetor even at temperatures much below zero. 



Fig. 507.—Sectional View of (he Siemens-HaUke Airplane Engine Showing Libera) 

Use of Ball Bearings Throughout. 


General Description of Ryan-Siemens Engines.—'fhe crankca.se consists 
of two parts made of light metal ca.stiiig. Front and rear ends are closed 
by a cover. The two halvc> which are proviflcd with a centering flange meet at 
the center line <if the cylinders in a face joint: an<] arc held together by through- 
bolts. The Ollier rim of the rear cover serves for centering the engine on 
the plane. The ball-bearings €»f the ernnksbafl are installed in pressed-in 
and screwed I nisi i lugs made of bronze. Sjiecial openings arc pnivided iu 
the front chamber for the guide.s. which are easily removed. The circular 
.•auction passage into which the .suction pi]>cs of the various cylinders run 
is cast-in in the rear cliainber. The two inagnclos us well as the oil- and 
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lif'pumps are fixe<i on the rear cover an<l may lie removed with same. The 
longitudinal cross sectional view of the engine shown at Kig. 507 shows the 
riiienial cmi si ruction clearly, this slvoving the scvcn-cylinder engine which 
has no mixture distrihiitlng blower as the nine-cylinder shown at Fig. 508 
nas. 


SmcIwa tub# 
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Pig. 506.—'Rear View of the Nine-Cflinder Siemena^Halske Radial Engine Partially 

Dismantled. 

The crankshaft Is made from a high-cla'4s chrnmc-nickel steel forging. 
• l consists uf two parts and is hullow-tlrilleil right thrtnigh. 'I'he carefully 
^•ulanccd couiiler-welght.s pnivuled aw the crank-chccks are held hv means 
d cross holts ami centring. 1'he rear eml of the crankshaft having to trans* 
' nt comparatively .>n)all power for driving the auxiliary aj>paratns is of 
i’>rresj)ondlngly lighter amstruction. 1*hc two halves of the crankshaft 
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are connected by a slender cone with nut and dowel pin. The crankshaft 
Consists of two parts for the purpose of fitting on the ball-bearings by way 
of which the master rod works on the crank. (See Fig. 509.) The design 
of the ball-bearings on the crankshaft is based on the result of extensive 
experimenting and the cx])ericnce of many years and the usual method of 
mounting is clearly shown at Fig. 50/ in secticmal view. The shaft runs on 
ball-bearings on both sides of the crank-cheeks. A third ball-bearing 
(special iy{ye “Radiax’’) which also resists the screw thrust is ])rovided in 
the fn>nt ctwl-covcr, the engine thus k»eing suitable for pull- or push-screw 
arrangement. (Sec sectional drawing at Fig. 507.) 


Connection 
lor suetton 
pipes 

\: 



Crenhshefi 


on sump I : « ^ 

* s 


Oil discharge 


Fig. 509.«Crankihaft and Connecting Rod Assembly and Mixture Distributor of the 

Nine-Cylinder Siemena-Haltke Radial Engine. 

The tubc-scctioTi connecling rods arc made <if high-grade alloy steel: 
they are very slunly atid exccc<liiigly light. The connect lug rod assembly 
consists of the tiiasicr ro<i which is supported by the baU-bearings fitted to 
the crank])in an<l four, six, or eight link connecting nrds respectively. 
These ro<ls *>sciUale to and fro on wrislpins in the bottom part of the master 
ro<i. Pre.sscd-in hnmzc bushes secure a perfect running of the rod heatls 
at the lower wrist and pisloii ]uns. All connecting rods are subjected to a 
very careful test with regard t<i etjiial weight and e(|ual position of equilib¬ 
rium. 

The pistons are of aluminum alloy having bronze bushes for piston pins. 
These pistons are based upon extensive experience. Two packing rings and 
two oil scraper rings serve to prevent any considerable loss of pressure 
and warrant perfect lubrication. Jvach piston ring is tested as to its tensile 
strength. The pi.ston pin is movable and .suitably secure<l against lateral 
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.lislocatioii hy means uf spring rings. The pistons are also tested as to 
equal weighty this resulting in a practically perfect balance of masses and 
>tcady running of the engine. 

The cylinders which are shown at Fig. 510 consist of an alloy steel sleeve 
open at the top, with screwed«on aluminum alloy heads secured against 
.luslocation by a shrink ring and jam nut. The combiisticjnH'hamber is 
hemispherical. The itiiakc and exhaust valves are htted side by side, in 
A position diagonal to the direction of flight. They are operated by push 
rods and rockers. The latter arc run on rollers and carried in a plate bridge 
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Pig. 510.«Virw Showing Cylinder Construction of the Types Sh. 10, Sh. 11 and Sh. \2 

Siemens-HaUke Engines. 

Consisting «>f weldcil and fixed to the ctlirnkT hen<l by bolts. Bronze 
alloy settings arc inserted fnnn the interi<»r of the cylimlers and secured 
by nuts. On account t>f their |K*culiar <lcsign the vidute valve springs will 
>taiicl the maxinumi strain, 'I he valve stems run in case-har<lened steel 
.guides shrunk intii the heatl ami secured by mils. The arrangement of the 
\ alve rockers is clearly shown at Fig.s. .V»7 and 512, the latter view showing 
the top of the cvlluder head. 

The crankshaft operate.s the cam drum by means <»f intermediate spur 
gears shown at Fig. 515 ami in sectional view at Fig. 507, The roller tap- 
jieis are carried in bronze bushes hiserttvl in iapj»et guides of aluminum 
alloy, The hollow drilled in tern >r contains a long sjjring preventing the 
duust r<«ls fr<im falling i»ut should a valve have guniiiicd ti)> and stuck open. 
The tappet guide cimstruction is clearly shown at Fig. 511 

The intake valve <qwns in accordance with timing diagram ^hown at 
l*ig, 513, six degrees before top dead center and is closed 48 degrees after 
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bottom dead center. The exhau.<t valve opens 48 degrees before bottom 
dead center ami is closed six degrees after the lop dead center. Thus the 
timing is symmetrical to the dead centers of the piston. The ignition ad¬ 
vance is 34 degrees. With a cold engine, the liiuiag marks provided on the 
casing are available only with a valve stem clearance of .8 millimeters. 

The auxiliary apparatus and the air exh«aust system are installed on the 
rear cover. The exhaust system is provide«l with a pii>c screw plug, whence 
a pijJC is conducted outside the engine casting for the purpose of carrying 
off the oil vapors. Sturdy doul>h‘-\vall stjckets arc i>rovided for both Sie¬ 
mens magnetus, in addition to one flange and four stud boll.s wliich arc 





Fig. 511.—Views Showing Tappet Guide Made of Aluminum Alloy. 

supplie<l for fixing the oil pump. The dro ing shaft of the magnetos i> pro¬ 
vided with the driving gear. A fl.iiige carries the access*»ry ball-bearing ami 
is fixed ti»getlier with iUc magneto. The crankshaft nms in a tidie-shapcd 
cap. both air pump and revolution meter drive being installed at it.s rear 
end- The cover may be nnninlcd a** .a c<»mplele unit, together with all 
auxiliary apparatus as .shown in the views at Kig. .^14. the view at the left 
.showing the rear end cover outside, that at the right illustrating the inside 
of the plate or cover. 

Although the engine is easily .starte<! by bam! it may be desirable to 
start it from the pilot’s scat without the n.'«si>tance of a mechanic, for which 
purpose the Siemen.s Kadral engines are fitted, rni s|«*cial r<‘«nK‘st with an 
electric starting device, the gear of w hich is Immghl into im-sh with a large 
diameter spur gear t<i be tiirninted on the propidlcr 1nil>. In this case the 
engine is set running jnsl like that of a car by means of a push-button. 

Fuel and Lubrication Systems.—The fuel shoul<l be supplied to the car¬ 
buretor through a feed and filter by way of an eight by ten niiUinieter sup¬ 
ply |>ipe of copper at a minimum hea<l of twenty centimeters. If the flow 
is insufficient the gasoline tank will have t<» be put tinder pressure by the 
hand and engine air-pumps. The fuel recommended by the makers for 



SIKMENS-HALSKE OILING SYSTEM 


1083 


ihesc engines is pure gasoline of a specific gravity of .7 to 7255 or pure 
hcnzol of a specific gravity of .865 to .870 or both in various proportions 
:is nientioneci in the chapter on fuels. Of course, aviation gas suited for 
uther engines will lic suitable for this one. Only use clean approved fuel 
and avoid using unapproved mixtures. 



Fig. 512.^Cylinder Head of Siemena-Halske Engine Showing Valve Gear. 


The of] clrctilati4m is aiitomattcallv en‘cctc<l hv a gear pump, the case 
nf which is made <if alum in mn allov and attached l<» the rear end cover. 
I'he pumping gears are tiriven from the crankshaft by way of the driving 
(union of the oil pumji itself and a worm gear inside the pump case which 
latter reduces the luimher of revidutiims to 1/11. A pump is provided on 
each side of the worm gear, consisting of a driving gear and a driven gear. 
I'he scavenger pump capacity is twice as high as that of the fresh oil pump, 
•he performance id the former amounting ti» twice the quantity delivered 
hy the fresh oil pump, which guarantees the crankcase to he always free 
'ium oil. At the rear end of the pump case a pipe connection is provided 
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to which the hand pump is connected over a retaining valve. Previously 
the hand oil pump was supplied according to arrangement a (see Fig. 516) 
where it had to be replied with the oil can. but now arrangement b is pre¬ 
ferred. This pump taps the main pipe behind the large oil Alter, the oil 
being drawn in automatically hy the pump piston. The hand oil pumps 
serve to All the pipes if it is desired to increase the supply of lubrication oil 
occasionally, or after a long period of inactivity. 



Pig. 513.—Timing Dufram of Siemens-HaUke Engine. 


The hand pump connection on the casing of the oil pump is conducted 
into the interior of the pump case, the latter being connected with the pres¬ 
sure side of the fresh oil ])un>p. This connecting bore-hole effects 

1. a constant supply of fresh oil to the pump case with the cross drive 
and furnishes, 

2. the possibility of snp]»lymg oil into the fresh oil delivery piping by 
means of the hand lubricator. 

The feed and scavenger pnmp.s are readily accessible and can easily be 
cleaned on taking off the respective covers. Each cover is pnwided with 
a hole for a dowel jnn in order to avoid confusion when replacing it, and 
in addition both covers are lettered and marked with arrows to indicate 
the direction of supply and function of each pump, “F** signifying fresh 
oil pump, ‘T<’* scavenger pump. 

To ensure efAcient suction every care must be taken that the pressure 
pipe mouth of the scavenger pump tn the oil tank is kept well below the 
oil level. For thi& reason it is essential to conduct, above the oil level, a 
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:.tand pipe of ei^ht to ten millimeters mtcrior diameter with a three milli- 
uieter lateral bore-hole slightly above the oil tank bottom»in which case the 
a) is fed through the sule hole up to the double-tube cock, while the ascend- 
ing pipe ensures a thorough mixture of l>oth oils (see diagram Fig. 516, 
bottom right-hand corner). The double pipe cock simultaneously frees the 
nil piping from tank to engine as well as the piping from oil sump to tank, 
whereby oil is fed to the pump gears and suction secured. 










Vi 



foi 

Ofi 


Pig. 514.—A Shows Ouettde View of Siemens-Htltke Rear End Cover with Ignition 
Megnetoi in Place. B Shows Inside View of Rear End Cover. 


Tlie pump is fed fruni an uil lank by way id a dnuble-pipe cock and 
fdler. It prvs.scs the oil inti» the engine, firaws it fnmi the sump through a 
idler and forces it intii the tank. The oil supply may be effected from an 
elevated tank installed so as tu give a slight ptisitivc head id at least twenty 
centimeters between luiinnn edge of lank and pump Ciinuection. (Copper 
tube of fourteen millimeter interior diameter decreasing lo six or eight 
niilliineter diameter just before it is introduced into the pump.) If there 
iK>t sufficient head the oil tank will have to he put under j)rcssurc by con¬ 
nectings it up the hand air ]ninip as well a.s U» the engine pump. The 
pipes shfiuld be run in acct>nlance with the oil diagram. 

In the engine it.self the oil flows fnmi the pump into the uil chamber 
or bush which i« pu.shed over the rear main crank journal. Hy way of the 
holes the ]pressure oil passes through a filler and the hollow crankshaft on 
to the crank pin where it spurts from small holes on to the wnstpins and 
crankpin hearings. The cylinder walls, the pistons, connecting rod ball¬ 
bearings and crankshaft bearings are adeiiualelv lubricated by the circulat¬ 
ing oil. I^art of the oil is supplied to the gear case, where it lubricates the 
1‘ull- and jmsh-hearing. the hearings of the cam drum as well as the lappets. 
Ml the oil draining olT is collected in the oil sumt> (see Fig. 515) where it 
s drawn by the pump through an easily removahlc oil filter and returned 
lo the tank. This filter as well as the screen contained tn the rear crankpin 
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should be cleaned at frequent intervals. This also applies to the large oil 
hlter to be ftxed between oil tank and pump. 

The lubricating oil recommended for this engine should comply with 
the following conditions: It should be pure mineral oil. free from fatty' oil, 
tar oil or foreign matter. Specific gravity of .9 to .93 at fifteen degrees 
Centigrade. Flashjjoint about 200 degrees Centigrade. Viscosity ten to 
fifteen Englcr degrees at 50 <lcgrecs Centigrade. Maximum acidity .07 
per cent. Clearly soluble in standard gasoline. Loss not to exceed .4 per 
cent after two hours heating. New formatiem <»f asphalldikc substances 
not to exceed one ]>er cent. Maximum i>ercentage of ash .04. Oil rccom* 
mended: Gargoyle 13 and 1313, Ossag*Acro*Vuliol (Cierimin) or Castor Oil. 
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pig. S 15 .^PortiiUy Diomantled Engine Showing Volvo Drive Gear of Siemena Sh. \Z 

Mode). 
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M)ove specifications only apply to the (restless season. For temperatures 
)ielow zero nnncon^ealahlc oil slunthl he used, complying, in general, with 
I he conditions si>eci(ied nlnive, hut with a MilidifyiiiK P^int o( *12 to *25 
degrees C>nti^a<lo. Ciargityle Arctic and ()Nsag-Acr<^-Vo!tol have proved 
very good. If the oil congeals the oil tanks ninl piping have tu he cleared 
ifter each nin so as U» insure a perfect luhrication. In that case, do not for¬ 
get before starting the engine, to (ill the tank with oil suitably heated up 
slid refill oil pi]nng with the aid of a hand ptinip. 



Pig. 516.»DiagTam Showing Suggested Fuel and Oil System for Siemens-Kalike 

Engines. 

Ryan-Siemens Ignition.—Ignition is effected by the highly approved 
Sienieti.s Sparkidngs. Tyin's i»r L 5 specially ilesigned for air-cooled en¬ 
gines of a high comiiression ratio, and by two Siemans H.T. magnetos 
(lyjics F5, F7. I•‘<^ or ICl**5. ^^o^kiug iiuU’iJcndcntly front an 

oUrtrical point ol view. In acc*»rdaiH*c with the nit in her td cyliinlcrs the 
iignrc.H one to five, ouv to seven or one to nine are providetl beside the cable 
U’nniijal screws, d'hc cable emls show corresponding figures. With four- 
'^Iroke radial engines the iguitnm should always skip one cylinder. With 
ilie cylinders numbered in accordance with the riNation of the propeller 
and the top cyliiukT marked om*. the firing order of the three engine types 
is as follows: Five cylindvrs:! 3 5 2 4. .Seven cylinders: 1 3 .S 7 2 4 6, Nine 
cylinders i 1 .1 5 7 9 2 4 6 K. 

The figures on the cable teniiinal.s the inagneli>s indicate the ignition 
order of the latter. Thus, the plug connected with terminals 1 fires first 
lo be foliow*ed by the plug connected with terminals 2. etc. Hence, with the 
terminal 1 connected to the plug of cylinder 1. terminal 2 will have to be 
vtmnectcd with the plug of cyliinler 3. an<l terminal 3 with cylinder S, etc. 
The cable connections for all three engine ty]>es are iUnslrated in the wiring 
diagrams given at Fig. 517. These iliagranis show that all plugs in the 








Pig. 517.^Wiring DUgraros for Ignition of Various Models of StemeDs-Halske Engines. A^FiTt-Cylinder Sh. 10. B—Seven-CyEnder 

Sh. U. C^Nine-Cylinder Sh. U. 
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direction of the crankshaft rotation are connected with one majnieto and 
those lying in the opposite direction with the other. The cables are corre- 
spondingly arranged in the cable duct supplied with the engine. Uy using 
two separate igniti<Mi .systems all possible plug disturbances arc easily local* 
ized with the aid of the switch. 

The engine is started either f>y means of the crank handle starter or by 
an electric starling motor. 



Pis. 5ia.-^Wiring Diagram for Crank Handle Starter U Shown at A. Primary Wiring 

Diagram lor Electrical Starter ia Shown at B. 


(a) Diagram A, I'ig. 518, applies to the crank haiulle or booster magneto 
starter, The starting magneli* serves for starting the engine from the 
j>ilol*s .scat after a comlm.stible mixture has been fed to the cylinders. By 
tjiiickly rotating the crank haiiclle of the b*M»stcr or starter magitelo heavy 
sparks are geiicratcrl. The cable connecting terminals eleven and fourteen 
conducts ibe H.T. current oxer the magneto distributor the plug belong¬ 
ing to the cylinder whoM* piston is performing ibe working stroke, As soon 
as the engine begins to rim a further rotating of the crank handle is useless 
since ignition is now ciTeeled by the regular inagneUis. 

After setting tlie magnetos correctly and Ciiupliiig Ibctn to the engine 
connect as follows: 

1. Terminal 1 on the starling magneto with (erniinal I of the cominu- 
tatur. 

2. Short-circuit terminal 2 on magneto M! with tlie terminal 2 on the 
commutator and the other tenninal 2 t»n the commutator with the 
short circuit terminal 2 of magneto M2. 

3. Distributor terminal 14 of magneto M2 with terminal II on starting 
magneto. 

4. Terminal 6 (ground) <»n the .starter with engine body and the latter 
with body terminal <d commutator. 

5. The sparkplugs of one cylinder side or group with Ml distributor 
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acconliu^ (o the ^lfa^?^ams at 517 on<l those of the other cylinder 
side or group with M2. 

Commutator (*r switch positions arc: O--Working magnetos and start¬ 
ing magneto s\\ itched olT. M,—Working magneto 1 and .starting magneto 
switched on. Mm—W<» rking magneto 2 an<l starting magneto switched on, 
2—Working position: working magnietos 1 and 2 and starting magneto 
switched on. 

By setting the commutator handle or switch lever to zerr) the primary 
circuit of the magnettis is shorted ami ignition inlernipted. When t>oiiiting 
to zero, the com imitator hanclle is easily rvim>vc<l whcrchy an unanlliorized 
starting of the engine is rendered itniiossihle. 

For the electric starter whicli is only supplied on special order see wir¬ 
ing diagram. Fig. 518 A. 'I'he electric starting imdor ciiahles the i>i1ot to 
start the engine fr<»m his scat without the assistance of a mtchauic. When 
the push-hutton Is jiresse*! with the engine standing i<)le, the haltery cur¬ 
rent is conducted through the starter, tlie innion of which is antomatically 
brought into mesh with the c(»rresponding large cliainclcr spur gear on the 
propeller huh thus setting the engine running. The starter i.s wired sti as 
to rentier mechanical disiiirhauces in the gearing imjHissjlilc. Tlic amplifier 
or inductiim coil produces hea\y sjiarks during the shiw rotation due to 
the starting nudor. The following battery is recotnmended for the darter: 
Twit arcuimdalors, six volts each: weight 12.5 kilograms eueli or 25 kilo- 
g^rain.s or 55 f»oumls Dimensions of each accuninlalor: height 212 milli¬ 
meters. leiigtli 155 niilliineliTs. width 1.10 nnlliiiietcrs. 

Gmncci as foll<ms: 


1. Terminal 11 (—t of battery with grmin<l. 

2. Terminal 30 (-|-1 c»f biitiery with one terminal of the fuse. 

3. 'riie other terminal of the fu.<e with one terminal of the tni'‘h-butlon. 

4. The same ternmial of the push-button with starter lermmal M), I’sc 
only heavy gauge starter cable capable of carrying heavy amperage 
of starting current. 

5. The other terminal of the ptish-butlon with starter teniiina) M). 

6. Starter lertninal 17 with amtilirier temiinal 37. 

7. Amplifier leriiitiial 2 willi slu»rt“Clrcuit terminal *jf magneto 2. 

8. The same terminal 2 tnagiieto 2 w ith conunutator tcriniiial 2. 

9. Commuiat*jr terminal 2 with shori-circuit lermiiial 2 of lungneb) 1. 

10. (iround terminal of counnutalor with the ground. 


The varioii.s ^Hisilions of switch hatKlIe are: (I—Magnietos off, M,—Mag¬ 
neto 1 an<l starter on. .M..— Magnelo2 and starter cm. 2—Working position: 
Magnetos 1 and 2 and starter switched un. 

Starting the Engine.—It is absolutely essential to fix a sjiccial plalc near 
the revolution meter on the instrument board reading as follows: “Use haml 
oil pump before starling engine.** Hear m min<l the billow ing when starting 
the engine: Only allow engine, after a long period of inactivity to reach 
the working conditi<ins slowly. The engine shoultl not be called u)Mm to 
give full power before perfect lubncaticm ts assure<l and an adequate ther¬ 
mal condition attained. Hence, after a long stand-by (exceeding three 
hours) the piping sh<mbl be filled up wdtb a hand oil pump in order to 
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secure immediate automatic lubrication. Let engine run slowly for about 
one minute, gradually advancing to full power in the second intniite. In 
doing this moderately assist lubrication with hand pump until engine liegins 
to emit smoke. If the engine is connected up according to diagram at Fig. 
516 check the following: I. Sec that fuel and oil tanks are filled up. 2. Pul 
cjII and fuel tank under pressure by means of hand air pump. 3. Turn on 
(fouhtc pipe cock. 4. Shut off gas ihrottlc. S. Turn on fuel cock. 6. Do not 
forget to feed homl oil into pipv.^. 7. Set spark lever to retanled positftm. 
R Short circuit igiiilion. (Xero position on switch.) 9. Pull engine over 
.\lmrply several revoliitioii.s injecting just a /<*Te drop.K tti fuel (gasoline or 
other) In top suction pljK*. 10. 'rum olT jinmor. 11. Open throttle but a 
little. Tor crouk luindlf xtoricr: 12. In reply to order “ready" set commuta¬ 
tor to positiim 2 and sharply turn starter until engiiii* begins to rtin. Tor 
electric f/or/cr: In response to order “ready" push button until engine be¬ 
gins to run. 13. Spark lever in achanced position. 14. Slowly a<lvunce to 
full throttle p<»sition. In <loiiig so lubricate /puriiojly luiud oil pump. 

If the engine fails to function the niixture in the eylitidcr has jirobably 
become too rich owing to frc<|uent i»riining. Slnnild this pr<»ve to be the 
case imll over engine several times in a c<»unler-clockv\ isc directum, that 
IS. in the <brection opjioMte to il-< normal rotation. \\y doing this air is 
amply snjipHcd to the cylnulers by way of the exhaust vulvc.s. Now try 
and start the engine again. 

As sfioii as the engine begdiis to work set timing lc\er to full advance 
position!. Carcfnlh »»b'«er\e taclumieter which with a full <n>en throttle 
shoubi indicate to 1.75() r p.m.. according to the type of pro])eller eni- 
idoycd. ('heck acceleratiim by repeate<llv actuating the throttle. To check 
»l(»w running* comjdeUdy close throttle. Ihider trrrlmary circumstances the 
engine should work faultlesslv at alnuit 5(K) r.ji m ami should not sto[) run¬ 
ning. Try with the aid ot the coinnintatiir whether the engine functions 
correctly on either the two magnclo'v and check all pings as to firing. 
Never aUcnijU to take olT before the engine proves to be in i)crfect working 
conditifin. l)o not niti the engine tm gnnuid, wiilumt load or with full open 
throttle, longer than absolutely nece'^sary. 

The engine shnuM not exceed its niaxiiiiuin number of revolutions, viz., 
1.750 r.ptn., the actual number always to be in accord with the work to be 
piTforined. It is fcjr the pilot to see to that. Always keep an eye on the 
uwrilntion counter <luring' the wlwde tlighl. In glnling^ llighls the throttle 
slioiibl also be openetl occasnmallv so as to keep engine warm ami plugs 
dr> and free from soot. IN STOiMMXCi TIIK KXtilNK: 3. Close throt¬ 
tle. 2. Set coinniulat<ir tc» zer4>. 3- Shut olT gasoline and oil. 

A kev to perfect engine operation combined with flight safety is the 
selection of a suitable t\pe of proptdlcr which should always be in full ac¬ 
cord with the nornial 4»pcraliiig comlilion.s ami iter for mancc.s itf the machine. 


c-m)uiries should be made with the airplane designers coiavnitil. U is highly 


essential that the prtipeller is in proper balance. In cases of vibration while 
die engine is running, check the pnipeller and rcjdace it by anoilier. if 


necessary. IVojidlers which are not accurately balanced arc a constant 
‘^^nger to the engine, ami It g4H*s without saying, that the engine makers 
' annot be held respousildc for faulty engine action in such cases. 
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Dismantling the Engine.—To take down the engine proceed as follows, 
using the special tools provided with the engine. Place engine on mounting 
stand with the propeller huh end down as shown at Fig. 519. Take down 
carburetor and disconnect magneto ends of ignition cables. Remove oil 
pipes from oil sump to oil pump. Unscrew nuts on cover of magnetos as 



Fia* 519.^SierocnB*nal8kc Engine on Stand at the Start of DiemAntlinK Proeea», 

Showing Suggeited Method of Support. 


well as thu access(»ry spring. Open bridge jdales. Take out magnetos and 
drive. Renu>ve iiuls on rear cover of casing. Take ofT ci»vers with oil and 
air pumps. Draw cables through case links. Remove suction pipes with 
aluminum llange and rubber ring. Screw olT rear nut of cylinder flange 
(top nut with engine on stand) using .special tool No. 9. The special tool 
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box 19 shown at Fig. 521 and a plate showing all tools is given at Fig. 522 
to which the reader is referred. Remove sparkplugs with tool 19. Loosen 
\aWe springs by turning cratikshaft with special tool 42 and remove push 
rods while pressing down rocker shaft Take down front end cover. Re¬ 
move key from crankshaft and cn<! cover. Take olT cable tube (Fig. 523). 



Fig. 920.*-aiemena-Hal8ke Engine with Induction Pipes and Pan of Crankcase 

Removed. 


Screw off the tints nf the from case cover. Jhit i»n lifter 18 for front cover. 
•Reinsert crankshaft key. I*nt spanner 43 on ring nnt atid holding spanner 
on crankshaft, Inni Ixittom spanner io the left and li»p one to the right 
thereby the ring nut is removed from the crankshaft and the front cover 
miultancously lifted off. To remove these part.s take out crankshaft key. 





ICfH MOOKKN AVrATION KN(nNKS 

Remove washer and distnnee lulu*, 'lake off luit in ironi of intermediate 
pear. 

Pull off larpc intermediate pear with special lo(d No, 39, and in doing 
so, hold crankshaft as sliown at Kip. .^24. Remove halKbcarinp cup inter¬ 
mediate gear with small tnmlder gear. Apply lifting or pulling device 31 
in accordance with illustration at Kig. 525 and remove control driving gear 
from crankshaft. Draw out all tappets and remove 1 and 3. Insert lifting 
device 31 tinder gear uliccl rim on cam <lrtim and remove the latter, Lift 
cylinders and. In diiing so. turn crankshaft so as to make keyway on pro¬ 
peller tajUT seal of crunksliaft |>oinl at the cylinder to ho withdrawn. Ke- 
inuNe retaining rings in pistim h<»sses uith the aid <d a punch hy grijiping 
spring ring in hack and springing iliein nni of their resjiectivc grooves. 



Fig. 521.~Tool Box Containing Special Tools Uaed in Overhaul of Siemens-HaUke 

Engines. 

Take out wrist pin ancl remove piston. See Mg. 52 ^j. Kcinoxc screws and 
mits, hiilding crankcase halves ti»gether witli a special spanner 7. Apj>ly 
lifting device 31 (together with 32) with pressure screw |i» crankshaft end 
and with grips on flange of front case ami then separate casing as shown 
at Fig. 527. Take nut crankshaft witli l)earings ami cimuecting nals. 

Detach front ball-bearing then lake out tachometer drive. Draw out 
oil filter frf*m crankshaft. Remove retaining lock ring of rear ring nut and 
ring nut itself. Take down rear hall-hearing tr)gether with gears. Pul 
crankshaft in a vise according to illiistraiion at Fig. 528. Remove spring 
securing crankpin ring nut and take off the ring nut with special spanner 
41. Place strut int4> hollow crankshaft. Screw special removing tool 21 
into thread of front crank cheek and sejiaratc crank halves. Withdraw 
master rod leaving <»ne hall-hearing in the uu], the other on the pin. 
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ABsembling the Engine.*—Special note: Clean each part thoroughly. 
Examine all .securing parts such as nuts and holts, screws^ etc., and see that 
none are mt.ssing. Do itot assemble moving parts in a dry condition, be 
>vire to lubricate liberally with a hand oil cun before replacing parts which 
have motion relative to each other. Carefully push master rod on to crank 
|iin. Do not l}reak oil retaining rings or press them out of the slots. Force 
master rod on the pin bulUbcaring. carefully <lriving it on with the aid of a 



Fig. 522.—Illustration Showing Special Tools Used in Dismantling and Assembling 

Siemens*HaIske Engines. 

Hooden hammer. Insert second bnU-bcaring Piwh the two crunk^^hnft 
•lalvc.s Into each other and pull up tight with ring nut. Secure ring nut. 

rear liall-hcaring on shaft and fix spacing ring. Secure rear gear with 
\vy and ring nut and secure the latter with retaining ring. Rest rear half 
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of the casing on the block with dividing joint uppermost. Insert crankshaft. 
Place connecting* rods in correct position, the master rod always running 
in cylinder 1 (top cylinder). Fix front ball-bearing in front case. Put 
front casing on rear casing without packing. Connect casing halves by 
bolts and nuts. 

Put piston on rod. Replace the various pistons into the right cylinders. 
vi 2 » those in which they have l>een running previously. Cylinders and pis¬ 
tons are markcil. the former on front edge of flange, the latter on the bot¬ 
tom above the eye. Do not forget to reinsert retaining rings in piston 
bosses after replacing the piston wnstpins. Insert spring ring so that the 
beginning of the ring is kept five inillinieters jiehind the groove in the eye 
of the piston holt. See that piston rings arc pro])crly installed as shown 
at Fig. 529. Top rings 1 and 2 arc straight rings, while 3 and 4 are beveled 
and are installed with the bevel uppermost. 

Do not forget paper packing when replacing the cylinders. Pull cylin¬ 
der inil.s up light atul fix sf»lii pins. Push valve tappets out. Do not yet 
secure tapjiets 1 and 3 in crankcase since otherwise Ihe cam drum is brought 
to hear upon the tappets. Turn crankshaft until the key for tlic small tooth 
wheel on the crankshaft points exactly to cylinder No. 1. fT.D.C.) See Fig. 
530. Place cam drum on crankshaft with the renter hclweon inlet and <uU- 
let cams (marked luimtiug exactly at the center <d cylinrlcr I and the 
tooth marked 1 di'wnuard (H.lFix Muall iulennetlintc gear with key- 
way pointing upwards so .is to bring tooth I fd the cam drum gear between 
the gear teeth marked 1.1. Ibit gear on crankshaft with tooth 11 |>nintiug 
downward (R.!).(*). h'ix large intermediate gear so as to bring tooth 11 
of the crankshaft into mc.'^h with the teeth 11.11 of the intermediate gear. 
Slip distance-tube and i>late cap on to shaft. Put uu frmil end cover with 
paper packing au<l juill up tight. Screw up ring nut in fr<»nl of thrust bear¬ 
ing and secure with the ai<l of retaining ring or jam uiit. Fix cable tube 
and insert push rods. The rocker clearances arc set in the bdUwving nuan- 
ner: The marks on the ca.sing arc only valid for a w.irm engine. With the 
engine in a working condition, the clearance is .8 millimeter. Hence, with 
the engine cold, adjiistnient of the gear sluuibl also be made with a clear¬ 
ance of .8 millimeter. The marks are only available for all cylinders if that 
is the case. After adjusting all cylinclers with the an] (»f the marks and 
with a clearance of .8 milliinetiT, the latter is everyw here reduced to 2 or ,3 
millimeter. It should be noted that the w(»rking clearnnce is automatically 
adjusted as soon as the cylrntlvrs begin to gel warni. 

Replace rear end er an<l jmll up tight, i'ut oil fdter intr> shaft, Screw 
in tachometer drive (]cft-haude<l thread), h'ix <iil and air iiuin|is. To time 
magnetos, Iw^th fnml and rear sides of engine should be readily accessible 
for the following operations. Have engine suspcmlcd, if iK)ssiblc. as shown 
at Fig. 531. Secure pointer on j>rope1ler couc with key and nut. Turn 
crank.shaft to left and complete n»iation until index jK>ints to VZ. (a<lvancecl 
ignition). The marks for the control iH>intb arc cut into the flange rim of 
the front case. (Sec Fig. 5M).) 

Time magnetos so that the rtxl mark on gear imints exactly at red mark 
provided on casing. Hring the magneto thus adjusted into mesh with the 
driving gear in the engine. At first the in^etos should !« secured tin 
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the flangfe. Push magrietos out before fastening so as to give free play be¬ 
tween flange and magneto, otherwise the driving gear is brought to bear 
upon the hearing ring. Connect ignition adjustment with plate bridge. 
For ignition and cable connections see diagrams at Figs. 517 and 51S. 

Special Tools for Ryan-Siemens Engines.^Thc special .sh<Avn in 
Fig. 522 are as follows: 

No. J—Cylinder nut spanner 

** 2—Removing tool for magneto and oil pump driving gears 

" •'V—SpaiMUT for projHfller remover 

” ^—Spanner for contact breaker 
” 5— .Spanner for grinding in valves 

" Spanner for inagiicto flange 
" 7--Sjjaiiner for omnecting crankcase 

” 8 -Spanner for rear cover aixl for securing tajjpet guide 

" 9—.'Spanner ff»r screwing on c> limler mtls 

*' K)—Spanner fur carbnrei<ir (jets) 

'* 11--.Spanner for sparkplug seating 

** \2 —Kod fi»r turning spanners U>. 19, and 2*^ 

*' 13—Spanner for securing front end cover 
” 14--l\)inler for crankshaft timing 
'* 15—>lUdts for pushing out coiinccting-rod pins 
1(>—Spanner fi»r vahe-giinlc mil 
17—Spanner fi»r plug sealing iint 
lB~Lifter for front o>ver 
” 19—Sparkplug spanner 
” 20—Stone f.»r 21 

21— Lifter fur taking to pieces crankshaft halves 

22- -Spanner for gear briclge bolts 

** 23*-Spanner for securing nuts of gears on rear crankshaft 
'' 24—Suntc for 20 

25- Holt for 26 

26— Ljfler for j»ropcller 
” 27—FisUin ring clamp 

’’ 28—Tool fi»r pressing-in gear bridge bolts 
'' 29—Spanner for magneto gear iiul 
- 30—\ alve lifter (see Fig. 5,^2 A) 

** 31—J Jfler for cam dnini aixl front case half 
» 32—Holts for 31 and 21 
” 33—Surne for 31 
" 34—Sh<irt shanks for 31 
’* 35—Tool for pressing out gear bridge bolts 
” 36—1 \m) 1 for removing magneto gears 
** 37—Tool for ring nut in friinl cover 

38— Washer for 30 

39— Removing tool for intermediate gear of control 
" 4(k—Mandrel for inserting valve guides 

" 41—Spanner f(»r the nut holding together the crankshaft halves 
" 42—Spanner for crankshaft timing 
” 4^—Spanner for ring nut on front ball-bearing. 
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Ryan«Siemens Ignition Troubles.—The makers ^ive the following pro* 
cedure for locating engine troubles due to ignition: 1. The engine fires back 
when being started. Set timing lever to rctarfled positiim. 1. The engine 
does not run up to full power. See whether tiinitig lever is in a<lvanceO 
position. 3. Defective contacts. 'fUe short circuit cable or idiig leads arc 
not properly insulated or may even be loose. Detonations or **l>ack shots" 



Fia. 523.^Removina Hina Nut from the Cam Drum. 


in the exhaust collector or carbiirelur are noticed. 4. Wires are not con¬ 
ducted in acc<jrflaiice with wiring diagram. Magnetos clogged up with oil. 
Back firing in carburetor an<l ignition trou)»le will result from the foregoing 
5. Defective plugs: (a) Short-circuit between the electrodes: This is due 
to the collecting (d small metal f»articles between the electrodes, which 
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should be rcim»ved. (b) The electrode clearance is too large: The clear¬ 
ance should he adjusted with the aid of the p^augc (.5 millimeter) supplied 
with each engine, (c) The plugs are sooted: The slow-running jet is too 
large (see carburetor). The engine is too cold and more preheating is re- 
ijuircd. The fuel is too heavy. A highly v<»latile fuel should be taken. 
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stand 



Fig. 5^4.~Method of Polling Intermediate Cam gear. 

(d) The plugs are clogged up with oil: The plug:< should be dipped into 
fuel and well clo.'ined which should alM» he ihmc with ‘«c»oteil pings. Run 
^•ngine itj the .slow-nniiiing posiluMi with full open tbriUllc for a few 
seconds, (e) The plug packings are leaky: Thoe packings should always 
^lunv an ahsohUely close fit since iUUerw isc they may easily get red hot 
which is hound to result in self-ignition. 
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6. The ])tatinun) screws*of the contact breaker show too small or too 
large a clearance or gap when o|)ening. Most probably the contacts will 
be found gummed up. 7, The contact breaker spring is cither loose or too 
weak which causes a jamming of the contact breaker. If the fiber bush on 
the contact breaker pin proves to have contracted and jams accordingly, 
this may easily be rej)aire4l by applying emery cloth of a very fine grain 



Fig. S25.^Uic of Special Puller in Removing Crankshaft Main Bearings and Control 

Driving Gear. 

and smwjibing down pin a little. 8. The distributing lever <»r rotor Is de¬ 
fective or clogged up. 9. There is a short-circuit in the magneto. Thi'^ 

harcUy vvvt but sbniiltl if really occur, the magneto should be srf' 

to competent electricians b«r rcjiair. 
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Carburetion Troubles.—The Ryan-Siemcns engine makers suggest ihe 
following: 1. Although the engine runs with the necessary speed of revolu¬ 
tion in the slow^running position, yet its full-throttle performance is bad: 
Insufficient supply ol fuel to the carburetor. The filter is clogged up or 
foreign bodies are contained in the fuel feed or in the jets. 2. The slow 
running is erratic: Check the packings of the suet km pi]»cs as well as the 
rocker clearance. Very likely the slow-ruiiniug jet is cloggeil up or too 



Loch V 



Pig. S26.<—How to Remove Writtpin Locking Rings from the Piston. 


*<mall. 3- Large consumption of fuel: (Black smoke is emitted 1>y the ex- 
liaust pipe.) The main jet is too large or the ciuupensaling jet too small, 
insufficient full-throttle performance: The main jet is too small or the com¬ 
pensating jet too large. Slow-running reflation: If the slow running is 
erratic or if the engine tends to stop running, this poinls to a lack of fuel. 
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Should the exhaust emit soot, thotij'h. there is too much fuel and the slow* 
runninjy jet is. accordingly, too lar|;c. The slow running should be ad¬ 
justed to 300 to 500 r.p.m, 

4. Detonations or Explosions in the Carburetor.^The jets are clogged 
up thus only ]icrniilling small <|nanlilics of fuel to pass through. Water 
in the fuel. The engine is too cold. 5. The carburetor runs over: Leaky 
tip seating. Leaky lloat. The fuel filter is obstructe<l or blocked up with 
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Fig. S27.»Illuitriting the Uk of Special Puller to Pull Crankcate of 3iemens*Halike 

Engine Apart. 


dirt. 6. Engine gets too warm: Loor luixlurc due to small jets. The tim¬ 
ing lever has not been set to the advanced |Hisition. 7. Engine emits smoke: 
lilack smoke i> the result of tot> much fuel, in which case the slow-running 
jet is obviously (no large. If the smoke proves to he of a blue color the 
engine is choker! with oil. Knn engine with full ifpen throttle at short 
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intervals 8. Exhaust emits flames: Fuel deficiency will result i„ lone 
names of a blue or v.olet color in the exha,,.,. whereas excess of f if win 
tnve rise to short red or yellow colored flames fAs a matter of 
these colors can only he tlislin,'nishcd in the dark). coiitse. 

Lubrication Troubles—Special attention should be paid to this item 
Mi.ce a faulty Inhr.cati.m is Imiind to d<. Rreat harm to thj eimine If In 
.Inng -s wronir with the lubrication system the s,>eed of revolution wfll fali 
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FJf. ^28—Showing Method of DUnuinUing Cr«nkthftft Ammbly. 



U(H 


MODERN AVIATION ENGINES 


off rapidly. Only oil coinplyinj' with the specifications previously gfiven 
should be used. 1. Insufficient head between bottom edge of oil tank and 
oil pump. Air pressure ])ipe is leaky or air pump fails to function. 2. The 
main oil cock has not been opened (double pipe cock). 3. Pipes or filters 
blocked up or leaky. 4. Faulty operation of oil pump. Remove pump, 
check it and have it thoroughly cleaned. 5. Engine repeatedly choked wi^ 
oil: The scavenger |>ump fails to work. Remove cover and see whether the 
oil returns from the tank to the pump when the main oil cock is turned on, 
(See diagram Fig, 516.) 



Fig. 529.-~Sectional Drawing of Piston. Showing Proper Arrangement of Piston 
Rings. Note that Rings Nos. 3 and 4 are Bevelled* and are Insulled with the Bevel 

Uppermost. 

Miscellaneous Troubles.—1. Engine fails to start: This may be due to a 
lack of fuel, to cUigged-up jets or even to the presence c»f water in the car¬ 
buretor (see fuel system <liagrain). The trouble may alsu be <luc to faulty 
ignition. 2. The engine does not run up to full power: Sec whether all 
cvlindcrs are working. The vahes do not close j)roj>crly or the valve clear¬ 
ance is not correct- Jamming of pi.Mon rings due to the formatsni of carbon. 
3. Engine gets too hot: See whether spark lever is in ailvunced position. 
Rctardetl ignition causes an excess of heat which latter may als*) be the 
result of faulty carburcti<m. too much air or fuel. 4. The ignition fails: 
The irrhythinical s<iun<l of the exhaust p<iinls to faulty ignition or carbu¬ 
retor (see above). The > alves close very slowly or are jammed in the guides. 
Clean valve guides and valve stems with kerosene. If the valve has to be 
exchanged, the valve clearance will have to he adjuste<l again. Faulty ig¬ 
nition may also be caused by the presence of water in the fuel. The fuel 
should be filtered through a piece of chamois leather. The filter between 
carburetor and fuel tank is clogged up and f>ermit9 but a small quantity 
of fuel to pass. 5. The engine fires back: The engine is too warm and pre- 
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mature combustion in the cylinder gives rise to advanced ignition which 
IS not desired. The valves do not close properly or one of them is sticking. 
Onc of the plugs is defective. The magneto leads arc not connected in 
accordance with the diagram or are shorted with the groiuul. Faulty car- 
hurction either due to an over-supply of air or an insufficient supply of 
(uel. Carbon may also have formed on the top the piston or on the cyl¬ 
inder walls. As the result of an over-rich iiii.xture the charge is still hurn- 
iiig with the valve.s reopening. 7. The engine is stilt rotating although the 



Fig. 530.^Dagram Showing Marks on the Crankcase as an Aid in Valve Timing in 

Siemens-Halske Engines. 

a 

ignition is short-circuited: The short-circuiting cable is out of order, which 
limy also be the case with the shijrt-circuil carlxm in the magneto. The 
plug washers arc Icakv or the plugs themselves arc overheated. AW this is 
bound to give rise t<* self-ignition. Carbon parlicle.s glowing In the com¬ 
bustion-chamber. 8. One of the cylinders fails to work: Something is 
wrong with the pUlg^. The jmeking of the induction tupc lea<ling to it 
proves leaky an<l |KTniil> the access <if air whcreliy the mixture Is weak¬ 
ened. One defective packing may already be sufficient to impair the entire 
rarburetion and thus afTccl the operation of the whole engine. 
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Top Overhauls.—According to the general properties of the fuel em¬ 
ployed ns well as to the resulting condition of the engine, the cylinders 
should be lifted after an operation period of from 80 to 120 hours and the 
valves rcground in, the pi^tcm tops as well as the interior of the cylinder 
head dccarhontr.ed and freed from a (Hissible incrustation of soot and the 
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Crankshaft 

turnfr>g 

handle 




Fig. 531.^^howinf Use o( Valve Tuning Index in Tuning Siemeni-Halilie Motor 

Valves. 

piston rings loosened in the grooves. The illuslratum at Pig. 5.12 A shows 
how tu remove the retainer <#n the top .seat of the valve .spring. Fig. 532 11 
shows the way of grinding in the valves with the special ttxfl, The seats 
hardly ever require remilling and, therefore, it should be avoided. Only 
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riave them reground. The plug seatings well as the bottom end of the 
tliifninum alloy head may show signs of oil leakage. 1'he illustration at 
f'jg. 533 A demonstrates the way of lightening the plug scalings and the 
sl»ccial tool needed. The illustration at h’ig. 533 H shows luiw to secure 
ihe counter-rib at the top end of the aluminum alloy head by means of the 
ct»rresponding special tools. Fig. 529. which has been previously described, 
^hems the correct iiK'inncr of installing the piston rings, and all pistons 
duHibl be checked over when the cylinder.*^ are removed. 



Pig. 532.—A Shows Method of Removing Valve Spring Retainer. B—Special Tool 

for Use in Valve Grinding. 


The Carburetor.—Tl>c Sum Carburetor as used by Ryan-Siemans is 
iime<l by chot)siiig tlu* correct jet sizes. The folUMViug nozzle jets are inier- 
vliaugcabto: 1. The Sum nozzle stem (a) is an auxiliary carburetor in form 
a tnuUijde jet nozzle. This nozzle stem is provided with four fuel pas* 
sages of a difTcront size on the )i(»ttom conical side, which are marked at 
the head of the stem by figure.s correspf>iiding with their respective sizes. 
I'liese figures indicate in hundre<lths of millimeters the diameters of the jet 
uperture.s situated below, c.g.. U>5 means 165/100 millinielcrs diameter, 
rhis nozzle stem serves to measure the fuel supply reijuired by the engine. 
In each case the figure facing the engine shows which jet is in operation. 
See arrow on nozzle stem cover. 2. An auxiliary air jet (compensating 
jel) is housed in the lop part of the nozzle stem. The head of the compen- 
''ating jet is provided with a mark showing the actual .size. The figure 
l^rovidefl slightly above tbc top air pas.sage of the nozzle stem indicates 
the right way of adjusting the ctmipcn.sating jet. Compensating jets and 
nozzle stems may be replaced by others of a smaller fneb or air-passage 
•espcctively. In order to fix l>oth jets they are covered by a U-shaped 
"‘pring cap. The latter presses both nozzle stems together on to the conical 
M'ating in the carburetor body. It is marked with an arrow indicating the 
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direclion lor reading; the jet number. 

3. The slo^v-^unut^g jet is housed in a special slow-running device. It 
consists of a four-edge no;szle body pressed into the slow-running device, 
Hence, there is a fuel passage for slow-running and four segmental air pas¬ 
sages for tlic slow-running mixture. An immersion lube is screwed into the 
slow-r\muhig jet and projects into the spraying tube £. To clean the slow- 
running jet remove immersion tube. The slow-running jet can be cx- 
change<l. it is advisable, though, to take out the whole slow-running device. 



Fig. 533.^A Shows Method of Removing Sparkplug Buthingt. B—Special Wrench 

for Unscrewing Cylinder Heed Locking Ring. 


The shiw-riuinlng jcl is also marked on the top of the sb»w-r\minug device 
4. Gctjcrally the air jet g or ali)nii7cr is already correctly inserted <m the 
test bench. It may occasionally bo ncce.ssary to exchange llic air- and fuel 
jets. Tlie latter <lepeiids u|kmi the mo<lc <if fixing the suction pipe in the 
plane an<l is largely based uinm the brand of fuel cm ployed. Additional 
air jets also rc<f«ire larger fuel jel.s. Smaller air jets are ajU to throttle the 
maximum jierfonuauce of the engine, on the other hatnl, tlumgh, they en¬ 
sure an elastic and unsensitive operation of the engine as well as a good 
acceleration from slow running to (ull-oj>en throttle, particularly during 
the cold season. 

See that the air drawn in the carburetor i.s well heated at low tempera¬ 
tures as well as with a slow-running engine. For gasoline and benzol mix¬ 
ture the temperature of the inspired primary air should amount to about 
25 degrees to 30 <lcgrces ( entigrade. A special chamber provided on the 
exhaust collector which is sitjiplied on special order serves for a prelimi¬ 
nary healing. In general, the maximum power of the engine is considerabi) 
increased when the engine is hot, as soon as cold air is drawn in at full load 
On the other hand, though, cs|>ccially in the slow-running position, the 
temperature of the air should be as high as t>ossiblv. For this reason n 
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-Kutter has been built into the warm air supply piping for the temperature 
ontrol 

The com 5 )cnsating jet governs the amount of fuel for each fuel jet cotn- 
i)ination. The compensating jet should be as large as possible. The most 
favorable compensating jet is easily found 4)y testing the maximum per¬ 
formance of the engine with different sizes of jets. In the first mixing stage, 
(lie air drawn in atomizes the fuel leaving the fuel jet. Hence, a preliminary 
carburetion of the fuel already takes place in the nozzle stem. 
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Fig. 534.—Sectional Drawing Showing Construction of the SUM Carburetor Used with 

Siemens-Halake Aviation Engines. 


The slow* running jet U>gether with the a«ccn<ion tube may be consid¬ 
ered a small carburetor serving tbe purpc»so of starting the engine and at¬ 
taining a low speed of rcvtdiition. To stari the engine the throttle valve 
'hould be set to slow-rnlining (nearly clo.sed entirely). The .slow-ninning 
.fct must be large enough to enable an easy starting ol the engine in u warm 
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condition and to avoid its stopping. Fix speed of 300 to 500 r.p.m. at the 
throttle valve with the aid of the stop screw. Do not interfere with the 
jets supplied and to not try to widen the apertures. To decrease the fuel 
supply of the fuel jet during operation a pipe with cock may be connected 
to the jet channel (Sum Quality Governor). This arrangement enables a 
further access of any quantity of air into the jet passage beside the fixed 
quantity of compensating air and thus saves fuel. The quality governor 
should be closed for obtaining the maxinntm power of the engine. These 
governors arc only supplied on special order and they are only of special 
value for altitude flights and consunqition competitions. 

QUESTIONS FOR REVIEW 

1. Whul are Ihc main fcalurvs nf ihc SiomrnvIluUkc cimtncs'' 

2 . What arc the main jHnnta to have in ininU wlirn httinf* ihc engine in the fusel¬ 
age.' 

3. Dr^crihc advantages of exhaust coltcctor and prehealing device. 

4. Why is a two ptcce crankshaft uecci in Siemens-UaUke engines? 

5. What type of bearings is used and w'hy? 

6. Describe Siemcns^Halske cylinder construction. 

7. How are Sicineiis-H.'iNke cngiiicK hihricaledr 

8. Outline steps In starting Sieniens^Halskc engines. 

9. Name imiHirtant steps in dismantling Siemen> engines. 

10. How arc crankshaft main hearings removed*' 

11. Describe steps in dismantling crank case. 

12. What precautions are necessary in reassembling ilic engines^ 

13. Ht»w* are magiicloR timed? 

14. Outline principal Sieniens-llabke ignition trouldo ancl remedies. 

15. What arc the principal carburctiun troubles? 



CHAPTER XXXII 


THE FAIRCHILD-CAHINEZ ENGINE 

Main FeaturewMain Shift DUtinctive^^enertl Deicription '*Care^ En^e—>How 
Low Prop«ller Speeds are Obuined<—Drive and Valve Cam^'Xim" Engine 
Has Good Performance**Pairchi]d‘Camine 2 Lubricating SystenwOU Recoiri' 
mendation^Lubricating the Engine—Oil Presture—Adjustment of Oil Presaure 
—Preparatory to Starting—Starting the Engine—Plight Operation—Periodic In* 
spection—Top Overhaul—Inspection of Piston Ringe—Inspection of Valve Gear 
Asaembly—Assembly after Top Overhaul—Complete Overhaul of the Engine- 
Inspection and Repair—Cam Rollers—Pin and Link Holder Assembly—Valve 
Cam and Drive Cam—Aasembly after Complete Overhaul—Assembling Pistons 
and Rollers—Assembling Pistons and Links—AssemNing Magneto Bracket- 
Timing die Engine—Oil Pump—Intake Manifold—Carburetor Specifications— 
Service Operation—Carburetor Settings. 

Main Featuras.—The M<kU* 1 44711 cnjjine is a f<ntr*cylinflcr radial engine 
of the rccijirocaling jMslon iyi>e operating on tlic foiir^slrokc cycle. The 
engine enii>lnyj; tin* Kairchilil-Cniiiincz drive cam mechanism in which re- 
cipnicaliiig imitinii of tfie pistons is omserted inti> rotary m(»tion of the 
propeller shaft l»y means.u( rollers in the piston o|)crating on a douldc lobed 
cam. The mcelianisin is such that each jii^ton completes four strokes per 
rcvdlntum of the propeller shaft. With the four stroke cycle that is used, 
each pisttm, therefore, completes a power stroke every revolnliou of the 
sliaft. It is due to this that a high ixnver ontpul is obtained per cubic inch 
of piston displacement at a low propeller speed, the shaft speed in this 
eiigiiic being one*half that of a crank engine of espial piston displacement 
ft>r the same jjower ontinit. Amnlier important <lilTercnce of this cam 
engine from the usual crank engine is that the motion of the pistons in 
opjKisile cylinders of the cam engine is iclentical with rcsi>cct to the engine 
axis, so that the pUtun inertia forces balance each <»thcr. Perfect running 
balance is, thereby, obtaincti without the use o{ counterweights, the cam 
engine being the only ratlial or hnir-cylinder engine in perfect inertia 
balance. 

Main Shaft Distinctive.—In the Fairchild-Caminez engine, the four cyl- 
inderNi arc arranged raclially about a central rotatable cam a> shown in Figs. 
.^.15 and $M>. This cam is of the double lohetl type, shape<l generally like 
a figure 8. A roller hearing is mounted in eacli piston, the outer race of 
which acts <lircctly up<m this drive cam. Adjacent pistons are connected 
by a system of links, the contour of the drive cam being so designed that 
these links maintain the piston ndlers in contiiuial contact with the cam. 

Th^ main shaft i»f the engine is a straight alloy steel shaft to which the 
drive cam is splined. This shaft is supiwrtetl in the engine case at the rear 
end by a roller hearing. The front main shaft bearing Is a deep groove 
radial ball hearing which lakes all the thrust load on the shaft and part 
'd the axial load. The center plain hearing on this shaft is fitted with large 
clearance su that it takes l>ut little of the a.KiaI load and acts mainly as a 

nil 
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means of transinitiinjj the Uihricatmi:^ oil ffoni the case to the shafts from 
where it is ilistrihutcd throughout the engine. 

The main engine casing consists of two aluminum alloy castings which 
are bolted together at the plane through the cylinder axis, eight long‘studs 
being cmidoyed to hohl the casing together. The front, or proi>eller end 
casting hoKIs the valve cam followers. The engine auxiliaries, which con¬ 
sist of two magnetos, jiressure and scavenging oil pumps, and tachometer 
drive, are contained in a separate casting that bolts to the rear main engine 



Tig. 535.>^F1an Sectional Drawing of Camifiez Engine that Uses a Figure Eight 
Profile Cam Instead of Crankshaft for Operating Pistons and Receiving Power 

Impulses. 

casing- The engine i.s mounted in the airplane by means of the rear flange 
on the engine casing, provisions being ma<lc for eight J<*inch diameter bolts. 
The diameter of this mounting flange is twenty inches anil the acces.sories 
behind this flange are so arranged that no connection on the engine need be 
disturbed when installing or removing the engine from the airplane. The 
external view.s of the engine, shown at Fig. 537, show the simplicity of the 
assembly and the substantial construction of the parts very clearly. Com* 
picte instruclums for installing will be found in special chapter on engine 
installation. 


GENERAL DESCRIPTION—CAM INEZ ENGINE 


1113 


With four strokes per revolution, the motion of the pistons in opposite 
cylinders in the cam engine is identical with respect to the engine axis. 
This produces complete inertia balance and results in smooth^running 
characteristics with a four-cylinder radial engine. By having the piston 
nj^eralc directly on the drive cam and avouling the long connecting rod 
length necessary in the conventional radial engine, a more compact arrange¬ 
ment is secured, making possible sturdier ccmstnicticm, smaller siac, and 
lower head resistance. The cam type rndi«il engine further differs in that 
il provides an individual hearing to transmit p<nver from each cylinder and 
thereby overcomes the ol)jcction to the conventional radial engine having 
one connecting rod hearing taking the entire l<»ad of the forces acting in 
all evlinders. 
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bearing 


Propeller ftan<j€ 
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Fig. S36.—Side Sectioiul Elevation Drawing of Caroinea Engine Showing Simplicity 

of Valve Gear and Piston Arrangement. 

General Description “Cam** Engine.—Four openings are provided in the 
^‘ugine casing which receive the various cylinders. These cylinders, one of 
which is shown in ])art section at Fig. 538. eon.sist >d hardene<l steel finned 
^^arreU which are screwed and shrunk in s|>ecia1 aluminum alloy heads. 
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Bronze inserts are shrunk in the heads for valve seats. Phosphor bronze 
valve guides are used. The tulip shaped exhaust valve is 2% inches diam¬ 
eter. and the mushroom inlet valve is 2yi inches diameter; both valve lifts 
being inches. Pressed steel valve nK:ker brackets arc bolted to the 
cylinder hca<l at their rear end and attached to the engine case at the front 
end by a long rod, the construction being .such that a firm support for these 
brackets is obtained without putting 1 <h> much of the push rod load on the 
cylinder hcail casting. The valve rockers arc alloy steel drop forgings and 
have hardcnc<( steel rollers which contact on the valve stems. 'J'lic push 
rod ball end.s arc contained in grease light a<ljnstablc screws in the rocker 
levers, the screws providing means for obtaining proper valve tapi)et clear¬ 
ances. 



Fig. 537.~The View at A it the Fairchitd-Caminea Engine Viewed from the Propeller 
find. Side View at B Shows Compactneaa and Simplicity of Attexnbly. 

Provisions arc made to lubricate tbe push nu! ball ends ihrtmgli Ale 
mite conneclions in the rocker pivot bearings, Since each piston makes 
four stroke.^ per revolutron in the engine, single Itibcd intake ;m<l exhaust 
cams are iiionnted directly on the main engine shaft which operates all the 
valves in the engine. The valve taiijict jibmgcrs are conlained >n remov¬ 
able aiiinuiuttn alloy guides which ht tn the nose end <if the main engine 
casing. Rollers arc mounted on floating har<lcned steel pins in the end of 
the tappet plungers which contact with the valve cams. Small holes drilled 
through the main engine shaft throw jets of oil on the.se tappet plunger 
rollers for luhrication. 

The pistons, as illustrated at Figs. 530 and 540, arc made of heat treated 
aluminum alloy and are provided with four uurrtiw compression rings. The 
pistons are of the .slipper ty|>c with large bearing areas on their thrust sides 
Deep ribs are provided to .strengthen the pisPitis and improve piston cool* 
ing. Special (louble row roller bearings are mounted in each piston, the 
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listen being made with detachable caps to facilitate assembly. A piston 
liii passes thnmgh the hub of these roller bearings at the ends of which 
ink holders arc fastened. The links inUT-conncctin^r the pistons, consist 
if alloy sled stnips. They have hardened sted tuns keyed at their ends 
which work in bronze bushings in the piston litik holders. Ample bearing 
ivea is provided for these pins to reduce the unit hearing loads in the btish* 
iigs. Lubrication of these heuring.s is obtained ))y oil jets in the main* 
engine shaft which register with these l»earings at every bottom stroke of 
I lie piston. The loads on these links and link pin bushings are due to the 



53a.*—Crosa Section of Fairchild*Camtnez Cylinder Showing Steel Barrel and 
Aluminum Head Conetruction. Valveporta and Valves. 


inertia force of the piston assembly away from the cam. The cam shown 
at Fig. 54! i.s so shaped that there is a practically constant load on these 
links at any given engine spcc<L 

The four-cylinder X arrangement lends itself admirably to air cooling. 
Moreover, the cam mechanism alhiws a more c<impact arrangement of cyl¬ 
inders. so that the tkverall diameter is cmisiderahly less than that of the 
«niiventional radial of etpial |Hnvcr output. This small overall diameter, 
i^^gcther with the wide gap between adjacent cylinders result.^ in a small 
projected frontal area and allows guml visibility. The c.Kcellent streamline 
bape of the main engine case an<l the ah.sence of engine accessories project- 
‘^ig into the streamline, also re<lnces the head resistance. The installation 
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of this engine requires no engine cowling and tests have shown that the 
engine will cool satisfactorily at fuU throttle in a 30 mile air blast. 

How Low Propeller Speeds are Obtained.—By providing four piston 
strokes per revolution instead of two, as in the crankshaft engine, the cam 
type engine obtains high power output per unit of displacement without 
resorting to high propeller speeds. The cam engine thereby obtains the 
effect of a two to one propeller reduction gear without the increased cost, 
complication, and added weight of this gearing. With the cam mechanism 
four cylinders arc arranged radially about the central cam. Each piston 
is provided with a large roller, mounte<I on the piston pin, wdiich contacts 
with this cam. A link arrangement is used to connect adjacent pistons, 
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Pig. 539.~Pitton and Roller Aisembly and Deuilt of Piiton Roller Bearing, Link and 

Link Holder Parta of Camines Engine. 


and the shape of the cam is such that the piston rollers are constrained to 
follow the outline of the cam by means of the links provi<ied. The drive 
cam is mounted directly on the engine propeller shaft and the four cylinders 
are set at right angles to each other about the central axis and act as guides 
for the reciprocating pistons. At each end of the piston pin is an inter¬ 
mediate link holder to which the pi^sfon connecting links are attached. The 
use of intermediate link holders w'hich are free to pivot about the piston 
pin axis equalizes the tension in the piston connecting links and compen¬ 
sates for cylinder misalign in ent or any inaccuracy of the cam. The inter¬ 
mediate link holders prevent any piston side thrust being set up by forcc.s 
acting in the links and provide an automatic compensation for the clearance 
between the cam and piston rollers. All engines arc assembled with clear¬ 
ance between roller and cam not exceeding %4 of an inch. Tests on the 
Model 447 engine have shown that the engine will operate satisfactorily 
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u ith clearance, although careful Tiieasurcincnt after long tests in¬ 

dicate no increase in initial clearance between the cam and rollers. 

The motion of the piston due to the drive cam is similar to that which 
would be obtained with a crankshaft in which the crank angle is equal to 
iwice the angle of cam rotation. Referring to the diagrammatic illustration 
at Fig. 542, position I shows piston in cylinder A at lop dead center. In 
position 2, this piston has moved down while the cam rotated 45 degrees. 
The force Fj acting in the cylinder produces a force of on the drive cam 
which acts with an e<|mvalent moment arm equal to the distance d, the 
magnitude of the turning moment being F-xd. Position 3 shows the cam 



Fig. S40.«Piston, Roller Bearing and Link Assembly, Showing Arrangement About 

the Drive Cam in Caminea Engine. 

at 90 <]egrces rotation with pisUm in cylinder A at the bottom of its travel. 
The piston in each cylinder has completed a full stroke while the cam made 
one-quarter of a revolution. The piston in cylinder A has completed a 
power stroke, piston B a compression stroke, piston C an intake stroke, and 
piston D an exhaust stroke, one engine cycle having been completed in 90 
degrees of rotation. 

This engine is unconventional in the method of converting reciprocating 
motion of the pistons to rotary motion of the drive shaft. The engine has 
been thoroughly ground and air tested and other designs of greater horse* 
i^ower are also in progress. The cylinders are 5^ inch bore and inch 
Iroke and the engine weighs 360 pounds complete with all accessories ex¬ 
cept starter. Its rating is 150 horsepower. 
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Drive and Valve Cams.—The drive cam is a chrome vanadium forging, 
heat treated to obtain maximum surface-hardness on the cam profile, and 
carefully grouml to conform to a master cam which has been generated to 
be correct to within .002 inch. This cam is splined to the main engine shaft 
as shown at Fig. 541. The piston rollers arc special double-row roller 
bearings, the outer races of which act as the cam rollers while the inner 
race of the bearing is mounted oii the piston pin. The roller races are 
made of high chronic, high carbon steel and are finished by grinding and 
lapping. Twenty ^)i«-inch rollers, contained in an extruded bronze cage, 
arc used in each bearing as shown at P'ig. 539. 
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Pig. 541.~Engine Driveshaft Assembly with Main Drive Cam. Valve Operating Cams. 

Main Roller Bearing and Balt Thrust Bearing. 


One intake an<l one exhaust valve cam are formed on an integral sleeve 
which is keyed on the inatii engine shaft. Thc.se cams operate all the valves 
in the engine. Since Ciich jusUm makes four strokes during each revolution 
of the drive shaft, this shaft rotates at the correct speed to operate the 
valves. The single lo1>c on the valve cam opens each valve during one 
revolution of the engine. The firing order of the engine is 1-2-3-4. The 
valve tajipct plungers arc contained in removal»lc aluminum alloy guides 
which fit in the m»se end of the main engine case. Hardened steel rollers 
are provided In the end of each tappet phniger to contact with the valve 
cam. A .small h<»?e is drilled through the main engine shaft which supplies 
oil to a scries of holes in the valve cam to lubricate the tapt>et rollers and 
guides. 
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**Cam*’ Engine Has Good Performance.—The first production Cam en* 
jifinc was installed in a Waco Ten three-place airplane manufactured hy 
the Advance Aircraft Company Troy, Ohio, The illustration in the chap¬ 
ter on engine installation shows the simplicity of the nunml and the clean 
installation of the Cam engine. The Waco Ten is a standard commercial 
airplane which is regularly supplied with the 0X5 engine. The Cam engine 
m this airplane results in a lighter installation an<] a 50 per cent increase 
tn iK»wcr. Its small fmnlal area |Jennits the nuMiiuing of the Cain engine 



Pif. 542.—Diagram Showing Cam Mechaniam in Thr«« Poaitiona During One Piaton 

Stroke. 

higher in the airplane without alTecting visihility. The higher thrust line 
Ilf the propeller, due to the raised engine mount, has resulted in satisfactory' 
Hying characteristics in this airplane. I'he 50 t>er cent increase in engine 
power over the 0X5. as well as the greater efficiency of the low-speed pro¬ 
peller. has given the Cam engine air]dane a c<msiderah1y improved per¬ 
formance over the usual engine iiistdllntion. With the Cam engine the 
Wacu lakes off in three to four seconds in a very short run. The ship has 
a greatly increased high speed and almost doiihle the celling of the 0X5 
engined airplane. Dcsjnte the increased reserve power of the Cam engine, 
its fuel consumption at cruising sliced i.s 30 per cent less than the OXS air¬ 
plane. A greater cruising radius results with the same fuel capacity. The 
improved fuel consumption of the C\im engine is accounted for by the 
greater efficiency of the engine combined with its lower head resistance, 
its lighter installed weight, and the higher efficiency of it^ low-speed pro¬ 
peller. Comparative flight tests were made between identical Cam engine 
and OXS Wacos. With the 0X5 turning 1,500 r.p.m. at full throttle, the 
Cam engine Waco maintained the same airplane speed when throttled to 
820 r.p.m., at which speed the Cam engine was developing hut half its full 
throttle horsepower. The OXS at full throttle ha<l consumed 9yi gallons 
per hour, while to maintain the same flying speed the Cam engine consumed 
gallons per hour. 
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To test the flying characteristics at altitude, the Cam engine with pilot, 
two passengers and full load of fuel, which produced a useful load of 750 
pounds, climbed to 15.500 feet. In a test to determine the fuel consump* 
tion that can be obtained with the Cam engine, a seventeen hour twenty 
minute nonstop flight was made. The plane took off with a useful load of 
1,001 pounds and during the flight consumed 85.44 gallons of gasoline 
which is an average consumption of 4.9 gallons |>cr hour. 



Tig. 543.*^Sectional Diagram Showing Lubricating Syatem of Pairchild-Caminex 

Engine. 

Fairchild^Caminea Lubricating Sy8tem.^Lubncation of the engine is 
accomplished by a pressure—dry sump system as shown at Fig. 543. The 
two gear type oil pumps are driven from the rear auxiliary shaft, and arc 
mounted as a unit as shown at Fig. 544. The lower pump receives oil from 
the external tank and delivers it under pressure, through a line running 
under the case to the oil screen, which will bypass should it become clogged, 
and then to the oil transfer bearing. This bearing feeds the hollow main 
shaft, which serves to distribute oil to all bearing surfaces. Nozzles, placed 
radially in the mainshaft on each side of the driving cam, throw oil to pis- 
tons, piston rollers, piston links and cylinders. Drillings through the driv¬ 
ing cam allow oil to pass to the surface <if this cam, and radial drillings on 
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each side of the valve cams allow oil to pass to the valve cams, followers 
and tappets. Sectional drawings at Fig. 545 show the oil pump construction 
very clearly. 

The two anti-friction bearings on the main shaft are lubricated by the 
oil mist created in the case by the moving parts. The auxiliary shaft at 
the rear of the engine is hollow, and is fed through a small hole in the plug 
at its forward end. Drillings in the auxiliary shaft sui)ply oil to the mag¬ 
neto and oil ptinip drive gears, and to the bearing su])])orting the shaft. 
Surplus oil in the engine all returns to a sump in the lower part of the 
case, whence it is picked up by the upper scavenging oil pump and returned 
lu the oil supply tank. 


cover 


ii 



M«gTi«to bracket 




Magneto 




MiannAo 
dnve cuu|>l<ng 


Pig. S44.^Magneto Bracket and Oil Pump Assembly of Caminez Engine Showing the 

Detail Parts and One of the Scintilla Magnetos. 

It is <juitc as necessary to use the proper grade or body of oil as it is 
to use an nil of high riuality. Design and operating crmditioiis have a de¬ 
finite influence on the oil that is best suited to the engine. Oils that are 
It JO light will not give adequate protection to the cylinders and hearings, 
and may allow bhnv-hy of the compressed g.ises above the pistons. Oils 
that are loo heavy may in some cases cause excessive carbon and gumming 
and in extreme cold weather may not circulate projierly. Oils that will 
maintain an ade(|uate him %vhen heated or when diluted with fuel, should 
be used. Oils that are too heavy, on the other hand, may cause an unde¬ 
sirable drag, causing power lt»ss and abnormal fuel consumption. Aircraft 
engines all operate at heavy loa<ls as has been fully considered—nearly the 
full power available from the engine is used most of the time. Hence, high 
temperatures are developed that are altogether different from those en¬ 
countered in automobiles, which run at about 25 per cent throttle most of 
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the time. Air coolitti' also allows higher temperatures (with greater ther* 
mal efficiency) an<1 the fact that the Cam engine is cooled largely by head 
wind, and not by propeller draft, due to the large projK'llcr an<l small en¬ 
gine clianiclcr, prevents it from running too cool. A lubricating system 
of positive action circulates heavy lubricants mider nearly any condition 
thus supplying ample oil to the beanrigs. Allhoiigb high compressions 
are used, detonation is tniiiimixcd by pistons that are designed to quickly 
distribute the heat to the cylinder walls an<l yet stay hot enough to avoid 
tendencies toward carbon formation when the correct oil is used. 

Oil Recommendations.—Sum iiiiT above 32ilogreos Fahrenheit, Gargoyle 
Mobiloil '*])*' or high gratle oil of similar IhkIv and character, is recom¬ 
mended f<»r Fuirchild-C aminez engines when gronml level tcmjicTatnrcs are 
above freezing. Such an oil is lieavv enough for all summer conditions. 



Fig. 545.—Sectional Drawing Showing Oil Pump Assembly of Csminer Engine. 

Winter below ^2 <lcgrccs Fahrcuheil. Gargoyle Nfobiloil '‘O** or similar high 
grade oil, is also recommended when ground level temiXTalures «irc below 
freezing, proviiled that the oil is heated before the engine is started. Should 
there be no facilities ior i»rebcating the oil. Gargoyle Mobiloil ‘*1V* or tn|tiiv- 
alent is recommended. This oil is more fluid at low temperatures and will 
provide immediate circulation. When ships are htuised in u arm hangars, 
special heating ])recautions are unnecessary. 

When engines at rest arc apt to be .subjected to freezing temperatures 
for a few htmr.s or longer, oil .should be drained from the reservoir immedi¬ 
ately on stopping the engine. This oil may he saved and stored in a warm 
place. Before starting the engine again the warm oil should be put back in 
the reservoir. If the oil becomes chilled and too sluggish, it should be 
warmed by placing the can near a fire or in a warm place for several hours. 
If that time is not available the cans of oil can be placed in boiling water. 
It is inadvisable to place the cans in direct flames, as the oil might become 
hot enough to decompose at one spot while the rest would be scarcely 
warm. Stirring, of course, sf>ceils up the warming. Oil should not be 
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heated to more than 150 dejrrecs Fahrenheit. When warm oil is poured into 
lank, pour fiallon through the hack breather, to assure lubrication on 
starting. 

Lubricating the Engine.—Before each flight, make sure that the oil 
lank is filled to the proper level. Sufficient space should he allowed for 
expansion and for oil already in the lines. At no lime should the supply 
he allowed to fall below two gallons, a.s less than this amount will circulate 
loo fast and will overheat. Should the oil supply he nearly used up on long 
(lights, it i.s far safer to laud ami refill If the supply becomes low. The 
oil reservoir should he drained ami refilled after every twenty hours of fly¬ 
ing. This is best done just aficr a flight, w'heti the oil is warm and stirred 
up. the latter coiuliliou helping to remove seclimenl that may he in the 
system. Under no circunistanccs .should a flyer take a chance on using 
die oil fc»r mt)re than tsvcniv Innirs. as the oil hecfones con laminated with 
fuel, carbon ami dust, which if allowed to accumulate, might cause damage 
to the engine. At engine overhaul perhrfls, all oil lines and the oil tank 
should he thoroughly cleaned with ker<»seuc. 

Located forward of the cylinders, lu the lower part of the ca.se. is an oil 
screen which clears the oil of large particles. This screen is easily remov¬ 
able through a cover plate attached by four cap screws. It should he re¬ 
moved and cleaned when the oil reservenr is clraiue<I. or after every twenty 
hours of flying. Clean it in kerosene nr gasoline and dry it in air or with a 
lintlcss cloth—not w'astc. Waste clogs the mesh and washes out in service. 
The filter location is clearly shown in Fig. 543. 

Oil Pressure.—Normal oil pressure at full throttle should run from 30 
to 45 pounds. When idling, with the engine warm, oil pressure should be 
three pounds or a little more. When the engine is cohl. pressure will he 
somewhat higher, <!ue to the Cixd thickened oil. Note^These pressures are 
lower than those required for many other engines, but the Fairchild- 
Caminez engine operates best with pressures recommended. If pressure 
falls below twenty pounds at nearly full throttle, land and find out why. 
Should the gauge fail to show the retpiircd pressure, check over the follow¬ 
ing points before adjusting the bypass valve which is shown in detail draw¬ 
ings of the pnnip at Fig. 545. 1. Use of the wnmg grade of oil. (Follow 
recoinniendalions in Ibis book.) 2. Loose J>r broken oil piping or connec¬ 
tions. (Tighten or replace piping or connections.) 3. Clogged nil strainer. 
(Reuuwe and clean.) 4. Bypass valve not functioning. (Examine and 
clean or replace parts as necessary.) 5. Broken oil gauge. (Replace with 
a new gauge.) 

Adjustment.—The pressure may he increased or lowered by adjusting 
the bypass valve on the oil pump assembly. To raise the pressure loosen 
lock nut and turn adjusting screw clockwise, and to decrease pressure, turn 
it counter clockwi.se. Be sure to tighten the h>ck nut. Oil temperature 
.should never be allowed to run higher than 2t)0 degrees Fahrenheit. If it 
floes. <1 landing slumld be luatk* as stKin as )K»ssilile tu ascertain the cause. 
Overheated oil may cause damage to cylinders and pistons, and is most 
likely to be caused by an insufficient supply in the tank. Chronic high oil 
temperatures may be caused by improper location of the oil tank in the 
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airplane. To check this, see recom men Nations under *'Oil Tank Installa¬ 
tions" in special instructions for installinpT the Fairchild-Caminez engine as 
well as others in a chapter to follow. The valve rocker arm shafts arc lubri¬ 
cated through a high pressure fitting on the end of each rocker shaft. The 
rocker arm is drilled so that the hall joint is also lubricated when the high 
pressure grease gnn is applied to the fitting. A heavy gear oil, such as Gar¬ 
goyle Mohiloil "C" should be used in the gun. and each fitting should be 
lubricated every flying day. The Scintilla magnetos, which are standard 
equipment, should be lubricated every twenty flying hours. Use a high grade 
engine oil. such as Gargoyle Mobiloil Arctic, and aj>j»ly four drops to each 
rear oil duct, and fill the front duels. When insjiceting the engine, one of 
the most important details is the thorough checking of the oiling system, 
and particularly the external nil lines and connections. Pay particular at¬ 
tention to the hose Xo and from the oil tank, and the tubing connecting the 
pumps with the sump and the oil screen chamber. 

Preparatory to Starting.—Keft»rc starting the engine the following oper¬ 
ations should he performed: 1. See that there are four galhms of lubricat¬ 
ing oil in the oil tank. Note-^During freesing weather the oil should be 
heated to 100 degrees Fahrenheit or 40 degrees Centigrade before filling the 
tank. At the end of each day's flying the oil should be drained from the 
oil tank and stored in a closed container for use on the next flight. 2. Lu¬ 
bricate the valve gear with Zerk gun using Marfax No. 3. Mobiloil CC, or 
other high grade grease of et|uul lubricating qualities. Use a thin grease 
in winter. The valve gear slioiild be greased each five hours of running. 
If longer running is contemplated, scK-fcetling grease cups should be in¬ 
stalled. 3. Turn the engine two revolutions by hand to make sure every¬ 
thing is free. Have switch “OFF" while turning engine. 4. Inspect all 
controls, fuel and oil lines, instrntnents. etc., ns is ciistcnnary l>eforc flying. 
5. Prime the engine. Two <»r three strokes of the itrimer arc .sufficient. 
Do not prime a hot engine as the mixture will he too rich to fire in the cyl¬ 
inder. Turn the engine backwards two or three revolutions if this condition 
occurs. 

Starting the Engine.^With all preparations ctmiplete, start the engine 
as follows: 1. Knginc E(|uip|>cd with Hand Inertia Starter. Crank the 
starter, withdraw crank, throw <»u magneto .switch, leaving throttle close<l, 
pull starter handle and hold till engine starts. The inertia .starter will turn 
engine over ahunt ten revolutions. The engine will start normally on the 
first or second revolution. Run engine at 400 r.p.iii. (800 r.p.in. on tacho¬ 
meter) after starting. 2. l^iginc ]C<|utppcd with Hand Ifoo.stcr Starter. 
Retard the spark fully, leaving throttle closed, throw on magneto switch 
and crank till engine starts. Spark cjutrol should be set to retard point 
of ignition to T.D.C. of engine. 3. Knginc Equipped with Electric Inertia 
Starter. With throttle closed, throw on magneto swdtch. Pres.s starter 
button to count of four, pull starter handle and hold till engine starts. 
4. Emergency Hand Starting. For emergency starting by hand cranking, 
retard the spark, turn engine oxer twice and use the customary ‘‘OFF 
CONTACT" signals for throwing the magneto switch. 

When the tngiuc starts, run it at aluiul 400 r.jKtn. (800 r.p.m. on tacho¬ 
meter) for two or three minutes at w'hich time it should be firing regularly. 
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Open the throttle steadily to full throttle, holdin;; the engine at maximum 
speed for only a moment to note the r.p.m., then close the throttle steadily 
to idling speeds. The maximum speed on the ground should be between 
890-950 r.p.m. (1,780-1,900 r.p.m. on tachometer) depending on the propel¬ 
ler used. 

Do not run the engine on the ground at full throttle for more than a 
few seconds. The air stream with the plane at rest is small and cooling in¬ 
adequate for full throttle operation and there is danger of damaging the 
engine. 

The lubricating oil pressure at 850 r.j^.in. (1.7.50 r.p.m. on tachometer) 
should be about 30poun<!s with oil at 120 degrees Fahrenheit. If the engine 
sounds ragged at full throttle, after it is warmed uj). retard the spark, run 
the engine at 4.50-.SOO r.ji.m. (900-1.000 r.pni. on tachometer) and test each 
tnagnelo by the bulkheatl or instrument board switch. A missing engine 
is usually corrected by changing fdugs. New s]>arkplugs should always 
be tightened after the itiitial warming aixl ground test to take up looseness 
from expausiun anti from coniprcssum of new plug g^askets. 

Flight Operation.—The propellers used usually htdtl the engine to a 
maximum speed of l.OfJO r.p m. (2.000 r.p.m. un the tachometer) in level 
flight at which speed it develops about 135 brake horsenower. In com¬ 
mercial flying the engine Is usually throttled to three-quarter speed (775- 
8.50 r.jj.m.)—(1,.500-1.700 r.p.m. on the tachometer) at which speeds the 
engine devcb^jis about 65-85 brake horsepower. 

The lubricating oil pressure should be sol at 30 pounds when the engine 
is turning 850 r.]).iu. (1,750 r.p.m. on the tachometer) and at ten pounds 
when the engine i.s ulling at 250-275 r.p.m. (.500-.5.50 r.p.m. on tachometer) 
with oil teini)eraturc at 120 degrees Fahrenheit. 

To set the pressure run the engine to warm the oil or heat the oil to 
120 degrees Fahrenheit. Set the idbng pressure at ten poun<ls first by crack¬ 
ing the relief valve cage off its seat uni 11 the pressure drops to the required 
pcjint Trgbten the cage lock nut. Spee<l the engine up to 850 r.jj.m. (1,700 
on the tachonicfer) and with a screwdriver turn adju.sting screw un¬ 
til the pres.surc stays at 30 pouiuls. Screwing in increases the j)ressure. 
Tighten the adjusting screw lock mit. 

The carbureUir is e(iiupj>ed with No. 36 main fuel jets (or general service. 
With this combination of fuel and air jets the mixture givc.s good economy 
at cruising speeds, and is rich for power at full throttle. When cruising at 
part throttle the altitude adjustment may be used to thin the mixture for 
good economy. When climbing at full throttle, the mixture should be full 
rich, as the air blast on the engine is low and the engine runs cooler with 
a rich mixture. 

Periodic Inspection.—All external working t)arts of the engine are ac¬ 
cessible for inspection and repair. I. Rotate the engine by the propeller. 
Have switch '‘OFF.*’ The ctnnpression in each cylinder should be strong. 
There should be no other hard points of turning other than the four com¬ 
pression points. 2. Inspect the ignition wires to sec that terminals are on 
plugs and that wires are not chafing. Clean the porcelain of each plug to 
prevent short circuiting from dirt. 3. Ins|>ect. grease and oil valve gear. 
(See Fig. 546.) 4. A<ijusi tappet clearance to .008 inch when engine is cold. 
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5. Oil magnetos every 25 hours flying. 6. Qean oil and gasoline strainers. 
7. Check magneio 1 breaker i>oint clearance with gauge in tool kit, and clean 
points, 

All work on the engine should he precision work. 1‘he engine, if run 
correctly, will give unusually long .service before even a "top uverhaul" is 



necessary. A general overhaul will not he necessary unless some part goes 
radically wrong inside the cam case. Usually this can he repaired without 
parting the cam case or pulling the shaft. Owners of "Cam** engines may 
send their engines to the factory for overhaul and reconditioning. This 
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wprk U done at a nominal sum. Complete overhaul kits may be purchased 
which Include all the tools necessary for complete overhaul. 

Top Overhaul.—A top overhaul is necessary only when the engine is 
losing power from poor compression or Ls detonating from carbon deposits. 
The procedure of disassenddy for top overhaul is as follows: 1. Take out 
.'ll! sparkplugs. 2. R<*in<*ve all valve rocker brackets, pushrf»ds, rockers and 
tie rods in a unit. Disc<mnect the tic md at the camcasc end. Remtivc the 
three nuts holding the bracket and lift the assembly ofT intact. 3. Take 
off exhaust manifold. 4. Take tdT int.akc elbows. . Unscrew packing gland 
nut two or three turns to UH»seu ]racking. Intake elbow will slip out. 5. 



Fig. 547.^Method of CompresBing Valve Spring to Remove Valve Collar Retainer 

Shown at A. How to Pul) Link Holders Outlined at B. 


Kcniovc ail igiiilion wires from the cyliTnler clips. 6. Reiiic*ve cylinder 
Hangc nuts ati<l jMil) olT the cylinders. 

Caution: Do not use a chisel between the cylinder flange and skirt 
flange to start the cylinder. Tap the top of the cylinder sidewise 
with a rawhide mallet or tap the exhaust of inlet port flange which 
will break the joint loose and allow the cylinder to be easily pulled 
ofl. Never use hard hammer for this purpose. Be careful that the 
piston does not fall and hit the studs as the cylinder is pulled off. Cut six¬ 
teen pieces of ^-inch rubber gasoline hose about two inches long and slip 
a length over each of the four cylinder studs near the center plane of the 
cylinders. These will prevent the pistons from being nicked when the cyl¬ 
inders have been removed. Do not remove the pistons unless inspection of 
the cam rollers and links require more than a top overhaul. 

Compress the valve springs with the spring UkiI as shown in Fig. 547 A, 
and remove the spring collar keys. The springs will slip off the valve stem 
with the coniprc.ssing tool, Remove the ringlets from the valve stems and 
withdraw the valves. 

For rough griiuling the valves use Clover Gruuling Compound Grade 
**C*' or “B.** Finish grinding with Grade "A.** Pits will usually appear only 
on the aluminum bronze valve seat and seldom on the valve. Grind only 
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sufficiently to pfain a continuous scat. It is not necessary to grind until all 
the deep pits have disappeared as t(X) much grinding will wear away the 
seat unnecessarily. Assemble the valvc.s in the cylinders and test for tight- 
nes.s by filling the gas pa.ssages above the valves with high test gasoline. 
Wetness around the valve in the cnmbnstion-charoher indicate.^ a poor seat 
and the valve should be ground until the test shows it to be tight. 

Inspection of Piston Rings.—If the lubricating oil consumption has been 
normal ])r€vious to the lop overhaul and the rings arc in good condition, it 
is advisable not to disturb them. If the rings arc worn so that the gaps 
are too large they shtmld BP ^cnl^^d with new rings.’ See Fig. 548 for 
clearance.s in fitting the rings. 'It is very essential that ihc.se clearances be 
adhered to. When fitting in new ring.s, stagger the gai>s 180 degrees, The 
oil regulating ring should be inscrtc<l with the cutaway edge at the l)ottoin 
of the ring gr^nive. TliC carbon should be scraiJcd from the piston head 
and cylinder hcatl with a blunt or dull scraper. A sharp to(d will cut the 
aluminum. 

Inspection of Valve Gear Assembly.—If the rocker arms have been 
thoroughly greas€<l with the rccommeudcrl greases after each five lumcs 
dying, there shotild be very little near in any of the valve gear parts. 'J'vy 
the valve rocker bushings for excessive t>lay <liic U* wear when new. The.sc 
bushings arc giveit .002*iiu'b clearance. Replace these bushings with new 
ones if wear becomes greater than .(XU inch. When assembling the valve 
rocker arm and bracket assembly the pm nuts sbiuild be pulled up tight so 
that the hardened steel sleeve is held tight bcluecii the steel lirackct bush- 
iug.s. There should be at least .(XM inch end clearance between the bracket 
bushings and the brmizc rocker Inisbiiigs, A smaller clearance will not 
allow sufficient s))ace for a gnod film of grease. (See Fig. 549.) 

Assembly after Top Overhaul.—After the overhaul is cnm)>lctci! jirocccd 
with the assembly in the bdlowing order: 1. Assemble \alve.s and valve 
springs in cylinders. 2. Assemble valve gear assembly, i.c., rocker arm, 
roller, push rhI. tic rod and bracket. 3. Secure valve gear assembly a.s 
shown at Fig. 549 to cylinder head making sure that the sj«icers are in posi¬ 
tion on the two front studs. Each valve gear should be assembled to the 
same valve from which it was removed so that the tie ro<l will g<^ back into 
place without adjusting the eye screw for the proper tension ou the rod. 

4. Slush the cylinder wall and piston rings freely with hibrienting oil. 
Turn the driveshaft until the piston is on t<»p center. Remove the rubber 
nipples from the studs. S<(iicexc the rings with the ring .s<|ucezer and slip 
the cylinder over the piston. Guide the push rhI ends into their sockets 
a.s the cylimler is slid over the piston. When the rings arc in the cylinder, 
remove the ring sf|ncc;:er. then lower the cylincler into position. Take all 
necessary precautions to have the cylinder flange free from burrs or dirt. 
Cover the flange with Murphy's Oil Soap or similar sealing compound to 
assure an oil tight joint. Do n<»t let the piston fall over unto the cylinder 
studs and get nicked. Use the ring s<|uce?:cT in the repair kit and be sure 
the rings do not break or biml as they enter the cylinder. 

5. The cylinder nuts should be staric<l onl*) the studs before the cylinder 
is completely seated because the lowest fin will prevent the nut from going 
onto the screw if the cylinder is seated. Set down evenly on the cylinder 
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Fif. 54$.—'Drawing of Piston and Link Assembly of FairchUd-Camtnez Engine Showing Clearances and CoiistructiDn of Parts. 
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nuts and pull them all tight. 6. The packing in the intake manifold gland 
docs not need replacing unlcs.^ it has become hard or is damaged. If spares 
arc not al hand cut inch lengths of two inch inside diameter by 2^ incli 
outside dlainetiT rubber hose with cloth itisertion uhicli will serve well 
as packing for the jilaml. 'rigliten ujj on the gland with a lijihl pull on the 
gland wrench. This constniclion is clearly shown at Fig. 546, 7. Screw 
uj) on the elbow flange mils at the intake jKirl making sure that the gasket 
is intact and that the flange scats evenly. 

8. Connect the rocker l>rackct tie rod to the eve. The tie rod sliould 
be about shorter than the distance from bracket to eye hole so 

that it is necessary to depress the front end of the bracket to slip in the 
bushing. This jilaces the tic rod uinler an inituil tension. Screw the nut 
of the clevis boll light ainl lock after assembly is coniplete<l. 9. Set the 
valve clearances by :i<ljusting the nuts at the top of the push tihIs. Kxhaust 
valve clearance cold—.008 inch; Inlet valve clearauco cciM— XK)S inch. 



Tig. M9v—Valve Bracket and Lever Asaembly of Fairch|]d*Caminea Engine. 


10. Screw In the .sparkplugs ami ciinnect the ignition wires. The spark¬ 
plug gaji should be set at .015 inch to .t)2i> inch. 'l‘he threads of the plug 
should have no burrs on them. The threads of the s|iarkjdug bu.shing arc 
of duralumin am] a burr on the |dng threads will tear the threads in the 
hushing, making it ncces.sary to insert a new bushing. 11. After a top over* 
haul the engine should he run at 500 r.ji.in. (1,00() r.p.in. on tachometer) 
for an hour before flying This will allow the rings io reseat themselves 
before the engine is loaded and all other internal )>arls to he thoroughly 
oiled and properly seated on their co-acting inetnhcr.s. 

Complete Overhaul of Engine.—Disas-semhly: A special repair kit of 
tools is recjuire<l to make a conitdete overhaul of the engine. 1. Remove 
cylinders as given in procedure for “Top Overhaul.** 2. Remove Pistons. 
Straighten lip on washers and remove link holder holts. Drutv jiiston pins 
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with pin puller in repair kit or hy iiisertin^; end o{ K-inch open end wrench 
in slot at end of pin and twisting while pulling a.s in Fig, 547 B. Lift piston 
and roller off cam. Keep the respective pistons, rollers and pins matched 
as they are balanced against opi)osing pistons to ounce. 3. Parting the 
Cam Case: Unscrew driveshaft nut and remove end ])late. Pull the bail 
thrust bearing by using the special puller provided in the repair kil. The 
lugs in the puller ends are luM>ke<! into the outer ball race of the bearing. 
The strongback screw of the jmllcr hears against the end of the shaft. Pull 
the valve cam using the same pdllcr with lugs grappling the boss on the 
cam sleeve. Disconnect the oil j^ressure line from pntnjj to cam case. Re¬ 
move nuts from stmls holding the two halves of the cam case. Tap the 
case with rawbido niuUei to break the joint and loosen the cylinder skirts. 
Remove the four skirls. These are shown al Fig. 546. 



Fig. 550.—Magneto Bracket Assembly of Fairchild-Camines Engine Showing Sim¬ 
plicity of Accessory Drive Mechanism. 

]*art the cam case, removing the front half over the end of the shaft. 
Draw the dnvcshaft with roller hearing out of the rear half of the case. 
The links and holders uill hang on the shaft as it is withdrawn. Take off 
magneto bracket assembly intact. (See Fig. 550 .1 \Vhcii removing the 
magneto brackets, take out the terminal bkicks from the luagneto.s leaving 
llic blocks ami ignition wire.s intact. Plug the sockets of the terminal 
blocks with hard wooden blocks. Note^The complete magneto bracket 
assembly can be inspected without disassembling and if ieft intact it can 
be replaced without disturbing the timing of the ignition. 

4. Disassemble Magneto Bracket.—If necessary to disassemble the mag¬ 
neto bracket, remove spark retard lever, ^mll out magneto advance shaft 
with yoke and pin. Remove magneUis wilb drive .spindles. Remove gear 
cover ])lateK ami jmll tnil *lrive gears with ball bearings. Take off lubrical- 
nig oil pump ami drive gear with ball bearing. Remove bearing retainer 
and pull out auxiliary drbe shaft and ball bearing. 

Inspection and Repair.^1. Inspect cylinder and valve gear assembly 
as given under "Top Overhaul.” 2. Examine piston rings for wear. If 
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the rings are worn too thin or the gaps arc too large they should be re¬ 
placed with new rings. Piston ring practice is changing continually so 
the customers should wire or write the factory for new sets of rings when 
needed. When replacing rings, set the gaps so they will be at opposite 
sides and check the ring side clearance with thickness gauges. The clear¬ 
ances are shown in Fig. 548. The clearances given should be followed 
closely for best results. 

3. Cam Rollers.—Remove the bronze cages and the rollers from the 
piston roller-bearings. Clean the cages and examine carefully for cracks. 
The cage should be replaced with a new one if the slightest crack is found. 
Examine the rollers and inner race of the bearing. A few small pits in the 
race are not injurious if the main surface is grH»d. Examine the outer race 
or cam follower. The outer surface of the race which rolls on the main 
cam should be smooth and bright. If the lubricating oil system is allowed 
to become dirty and the oil collects hard jiarticlcs small enough to get 
through the oil strainer, the surface of the roller may be slightly pitled¬ 
it i.s not necessary to stone thc.vc pits all aiU, but the roller surface should 
be stoned with the fmcsl grade carborundum to lake down the minute pro¬ 
jections from the roller siirfiice. The st<»ning should be <loiic with a rolling 
motion in line with the curNalurc so that no flat sjiots will be left on the 
roller surface. The stoning should merely snuHith olT the minute high 
spots. If (he pits in the roller surface arc many ami deep the roller should 
ht ]>ut in a grinder and the surface ground down. Usually a cut of .0005 
inch will take oiT the pits. In any case not more than .001 inch should be 
ground from the surface of the roller. This will deerca-se the roller diam¬ 
eter .002 inch. Tltc same amount should Ijc taken off* from each roller. 
Grind with small cuts and with a soluble mineral (dl solution. When the 
rollers are ground down the clearance between cam and rollers is increased 
and the engine Is noisy in jjpcraiion. If the rollers arc in poor condition 
new rollers should be put in. In no case should the roller clearance be more 
than .015 inch. The clearance is measured when the cam is on top center 
and w ith the other three rollers bearing light on the cam. In any case of 
doubt send the rollers to the factory for examination. 

4. Piston Pin.—Examine the piston pin carefully to sec wliether it shows 
signs of working at the eruls where the link h<il<lcr bolts bear on it. The 
bolts .should be tight tu the slots of the pin to keep it from working. 5. 
Link and J’in Holder Assembly: Note carefully how the link assembly is 
marked and assembletl before taking apart for inspection. Take apart and 
assemble one link holder l>eariug at a time and finish tlte assembly before 
starting on the next. The link holders in front of the cam arc marked FI, 
F2, F3 and P'4. Those behind the cam are marked Rl, R2, R3 and R4. 
Examine the bronze cages of the link roller bearings for cracks. Replace 
any cracked cage with a new one. Make sure that the link screw is inserted 
in the right direction so that the nut will be on the cam side of the links 
when the engine is assembled. 

6. Camshaft Roller Bearing.—Examine rollers and race to see that they 
are not pitted. Examine cage to see that it is intact. 7. Valve Cam and 
Drive Cam: The cam will give no trouble unless it receives severe abuse. 
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Stuck rollers or poor oil may scuff the surface of the main cam. Examine 
cam surfaces for batter marks. If the surface of the main cam is rough, 
stone it down with the finest grade carborundum stone using a ruUing 
motion over the curvature of the cam so that the stone will not make flat 
spots on the cam. Stone off only the rough b|>ots which rise above the cam 
surface. Slight pits below the surface will not affect the operatum of the 
engine. If the cam has received bad baiter marks, the cam should be re- 
j>laced with a new one. The cam should be pressed off from the rear of 
the shaft. Wilhtiraw the steel tnl noxzle before pressing the cam off. When 
pressing a new rani <»n the shaft make .sure that the four <»t 1 no^xlcs ciwered 
l)y the cam are seated. 1'hc cam is marked A-II on one side of each lobe. 
These letters face the rear of the shaft (toward the roller bearing). The 
oil hides in tbe cum must line up with llie idl nozzles in the shaft. The 
cam bliould go on with a light press fit. If the fit is too tight the Ciani will 
crack at the small section. The cam will he in correct relation to the valve 
cam if the oil holes arc In line. 

8. Lubricating Oil Strainer.—Withdraw the strainer and inspect for 
liolcs in the .screening. lNen)ver with 40 mesh 3.380. bronze wire screen 
if it shows signs of deterioriation. 9. Lubricating Oil j'limp: Disassemble 
the lubricating oil pump and inspect the gear teeth for wear and the gears 
b^r lightness on the shaft. Sec Fig. 545 which shows the oil jmmp construc¬ 
tion very clearly. 10. Inspect and rejinir cylinders and valve gear as given 
under "Top Overhaul.** 

Assembly after Complete Overhaul.—1. Precautions: Have all parts 
absoUilcly clean. Work with clean tools. Make .sure that burrs arc cleaned 
from all j<dned surfaces sti that the joints %vill he tight. Smear a thin film 
of "Murphy*.s Oil Soap’* or its etjuivalent on all joints. This heljts to make 
an oil tight joint. Never allow a stud to remain loose but put an oversize 
stud in its pl.acc. Use only nuts with giiod thread. Always use a rawhide 
hammer for poumling a.s rawhide does not nick the part.s. Always match 
jiarts by the numbers stanipe<l ou them. Follow fils given on assembly 
drawings. 

2. Order of Assembly.^Mount rear half of cam case on as.semhiy stand. 
Main Roller Itcariug: If the roller hearing has been removed from rear end 
of shaft, slide it on to shaft making sure that the skew pin is in place and 
that the spacer has hecii put on. Set up tight on the nut and lock it securely 
by bending the lip.s of the liKk washer. Driveshaft: Place the link assem¬ 
bly with link holders marked **R*’ over the rear end of the shaft with link 
holt nuts toward the cam. Flush the roller bearing with oil and insert the 
shaft with ndler hearing Into the ndler race in the rear half of the cam case. 
Place the link assembly with link holders marked "F’* over the front end 
of the shaft and with link l>olt nuts toward the cam. The link.s marked 
A and R assembled on the link holders marked FI, F2, F3 and F4, and links 
marked C and D are assembled to link holders marked Rl, R2, R3 and R4. 

Cam Caae.—ICxamine the bronze plain hearing and oil passages. Renew 
the bearing if badly scored. Make sure that the oil holes line up when 
putting in new bushing. Flush the bronze hearing with oil and slide the 
front half of the cam case over the shaft hut do not set up on the cam case 
nuts. 
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Cylinder Skirts .--^Insert the cylinder skirts, puttings each skirt in its 
respective hole. It can go in one way only. Screw up tight on the cam 
case nuts. Smear the shaft end well with graphited grease and shelve the 
valve cam sleeve onto the shaft. The cam end of the sleeve g()Cs on first 
and the sleeve should he a .snug hut not tight fit on the shaft. If a new key 
is necessary give it about .002 inch top clearance hut no side clearance in 
the slot of the cam. Sec Fig. 5.S1. also assemhly view of engine at Fig. S46. 
Place the shims on the stmls at the fnml of the engine cam case. (Note^ 
There are no centering shims on some engines.) The shims should he the 
same as those taken out when the engine was dismantleil. They center the 
cam under the cylinders. If a new driveslinft or valve cam has been assent- 
hletl it will he necessary to center the clrivc cam an«l determine the thickness 
of centering shims recjiiired. To center the cam use insi<le calliiiers or in¬ 
side micrometers hetween the cam ancl the cylinder skirt <Mt the tllanieter. 
Tap the shaft either way imlil the cam is .010 inch to .015 inch hack of 
center. 

Ball Thrust Bearing.-^Insert the hall thrust hearing into the rct.ainer 
and sli<lc the assemhly consisting of hearing, retainer an<l spacer over the 
.shaft. Tap with ran hide mallei or brass rod until the s])acer scuts on the 
valve cam sleeve and the retainer seals <ni the earn case. Now ])Mt on the 
cam case end plate ami tighten \x\i <m the nuts. Screw uj> tight on the drive 
shaft nut using sjiccial a<ljustahlc spanner. See h'ig.s. 546 and 551. Check 
up on the centering of tltc cam. If the cam is to<> far hirward or too far 
to the rear, remove or add shims from hchind the hall thrust hearing re¬ 
tainer equal in thickne.ss to the distance the cam is out from correct posi¬ 
tion, i.e., .010 inch to .015 inch hack of center. Assemble the valve cam 
ffdlowers c<nn]delc. Use new gaskets imclcr the gunle flange. Insert the 
eight follower guides in their respective places as .shown at I'ig. 546. 

Assembling Pistons and Rollers.—The ])islon ring.s .slundd have side and 
gap clearance as given in drawing l‘*ig. 548. This should he carefully 
checked us insnfficienl clearances will cause the rings to l>ii](l in the grcn>ves 
at high engine loarls. The res|H*ctive pistons, rollers ami pins slnnihl he 
replaced in their original position. If any new parts are added to the as¬ 
semhly the complete assemhly must he checked for weight and balanced 
against the diag<nially opixisite as.semhiy. 1*he assembly consisting of pis¬ 
ton, rings, roller hearings and jiiston pin i.s hafanced against the diagonally 
op])osite assembly to within ounce. .Small tliscrcpancies in weight are 
compensated by removing aluminum from the piston at a point not highly 
stressed such as the inner part <if the skirt. Never grind on the roller or 
the cage. If larger discrepancies exist lietwcen an old and new as.semhiy, 
a piece of tubing of the correct weight to balance may he pressed into the 
piston pin of the lighter assembly and located at the center of the pin. 
Weighing should he done on sensitive balances as ordinary scales will not 
weigh accurately enough. 

ABsembling Pistons and Links.—Place rubber nip]>les over the four cyl¬ 
inder studs at the side of the piston.s to prevetit nicking them. Starting 
with ])iston No. 1, draw link holders marked FI and R1 up through the 
cylinder skirt s<i that they can he attached to the piston pin. Start the 
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.)iston pitj thrmiph the forward link hold^jr (K) with slots turned toward 
;he cam. Turn the shaft s<» that the lobe of the cam is up on No. 1 top 
enter. Set the piston with roller on the cam and shove the pin thmuirh. 
I'he link holder holt Ihroiij^^h from left to ri^^ht when staiuliiijt on the 
‘.anic side c»f the piston as tlic link hohicr. It will not llirou«h in the 
reverse direction because the Hat on the holt head will he in the -wrong 
posititni to clear the skirl of the piston. Use new lock washers each time 
the holt is rc-assemhlcd and heud the lip u}) ti^ht a;;:iinst the nut. The holts 
Kliould he a snu^ fit and md lo<^sc in the hole, as a lo<ise htdt will allf»\v the 
link holder to turn on the jiin and wear both IhjU aiul link hoUler. JVocced 
.similarly with piston Ko. 2, No. 3 and No. 4. When the assemhly h com- 
l^Iele. check it over to make sure that all lock washers nml tints arc tijtht. 
Assemlde the cylinders as driven uinler '’Tc^p Ovcrlnml.’* 

Assembling Magneto Bracket.—The nia^^neto bracket conluins Ihc only 
years in tlic niyine. ('are slumld he l.iken when Inserting hall hearings an<l 
gears tlial every tiling w«»rks freely and that the gears arc in line. Loose or 
right gear fits w'ill make a noisy engine. Insert shims helw'ccn the hearing 
race aiul the cover to decrease the clearance of gear teeth. See h'ig. 550. 
When the asscinhiy is conijdele it slnmhl turn snuHitlily w ilhoiil l>iu<ling at 
any jxiints. Never allow an ns.seinhiy to go on the engine if there are spots 
that hind. Find the cause aiul remedy same. Leave the niagnelos <dT itnlil 
rearly to time the engine. Insert the auxiliary driveshaft with the y<jkc and 
put on the spark retard lever. Insert the auxiliary drive shaft spring. Turn 
die shaft so that llic •*()’* marks on the ciul of the shaft line uj) with the 
“(Y' mark on the end of the aluminum hushing iu the end of the <lrive shaft, 
slide the hrncket into place aud holt it onhi the cam case. 

Timing the Engine.—The ignition Is the only mechanism to he timed 
a^ the valve c\ents cannot he changed. The ignilicm slumUl he limed with 
n dial grarlnatetl in <legrees ho]tc<] to the pro]ieller huh, If a <iiul 1$ not 
available the selling can he rnmle closely hy measurings the advance on the 
rim of the propeller huh wdtii a flexihle scale. The prore<lurc is as fullosv.s: 
1 Find t(»p center No. 1 cylinder. 2. Turn the engine eighteen <legrecs 
l>ackwar<l (cl<»ckwM‘sc when hMiking at the front). On the rim of the pro- 
ludler huh (Note—not on propeller) this aincmnts Xo 1.57 inches or about 
l ''%4 inches (since the timing ts measured on the drive shaft which turns iu 
the same relation to the pistons ns the camshaft <4 a crank engine. 180 de¬ 
grees <m the drive shaft c<»rrcs]Hmds itt 3fi0 degrees on the cranks of a crank 
< iiginc). 3. Set the opening of the magneto hreaker points to .015 inch 
using feeler on wrench provitled. Set both magnetos so that the breaker 
points arc just ali<uil to break for Ni). 1 posithm. 4. Insert the magneto 
drive shaft for each magiicto into its st»cket. 5. Put the couplings on the 
drive shafts. The drive shaft lias nineteen teeth and the magneto gear 


twenty teeth. If the magneto gear will not slip into the coupling without 
turning, turn the coupling a loriih in the direction of lea^t discrepancy and 
try again. After several such trials the magnelu may Iu* coupled so that 
■he magnetos fire within degree of each <i(hcr or absolutely in time. 
The rear plug in the c> liiulcr should fire slightly before tlie front jdug. The 
'ight magneto fires the rear plug uud its breakers should open about yi 
degree to yi degree before the left magneto breakers. Where a dial is not 
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uscO to obtain 8:reat accuracy it is sufficient to time one magneto and syn» 
chronize the breakers of the second magneto with the first by use of ciga¬ 
rette paper. Always check the timing before starting the engine after re¬ 
timing. 6. Secure each magneto by the four cap screws through the bot¬ 
tom of the bracket and secure the cap screws by wire. 7. Place the terminal 



blocks in the inagneto.s tnaking that the members of the blocks match 
the members on the magnetos. Make sure that the ignition wire lockinj^ 
screws arc all tight and especially that the screw in the 'TV* terminal is 
screwed in tight if the terminal is not used. A loose screw will wreck the 
magneto if it falls into the rotating parts. 
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Lubricating Oil Pump.—The lubricathii; nil puinp cati be assenililed in 
only one way. See Fig. 545. The narrow gears go in the bottom half and 
the steel separating plate sets into the recess in the l>uUom half. The relief 
valve should be set with some compression t>n the spring but the pressure 
is not set until the engine is niii on the staml or In the plane. Lubricating 
oils used in the **Cam'’ engine should have a viscosity of 120 to 130 see. 
Sayholt at 210 degrees Falirculicll. Operators <ti Cam engnies shoulcl be 
very particular as to the s]>ecihcatinns and <pialiiios of the oil they are using. 
Oils should be purchased by specification rather lhan by tra<le name as the 
blends of blended tnls arc fre t]ueiitly change<l. Any tjnestions in regar<l to 
lubricants .should be referred to the Material l)c]>artmeiit, Fairchild- 
Caminez Engine Corporation, i‘*armingdalc, L(jng Islatnl, N. Y. 

Intake Manifold.^Thc intake nianif<»1<l is an aluininuiu easting which 
fit.s into the r<ar half of the cam cu.^c and is ctMinecled by short pij^cs to 
the sej^arate cylniclcrs. Two passages are cimtanrcd in this manifold which 
conned to the separate barrels of the duplex cm I mi ret or by means •»( sht>rt 
l>i]>es passing through (lie oil sum)) td the cam ca'*e cuslnig. The? hot oil 
ill the suniiJ proviiles a Ind spi»t above the carburetor ilanga*—the carburetor 
beings bolte<l directly to the case beneath this oil sump. Passages in the 
manifold arc so arranged that o)»posiic eylimlers draw from the same car¬ 
buretor barrel, with the result that no overlapping suction occurs ami good 
distribution is olitaincd. 


Carburetor Specifications.—'I'he .'^pceilicationN given later (or the dif¬ 
ferent com I it ions of operatnm of these carburetors have been evolved after 
a great <]eal oi p.iiiisiaklng' eiTort by all parlies concerned In the ]>rnduciiou 
and operation of the engines and carburdors, and represent the combined 
result of much dynanionictcr. ton[ue stand and flight work. The sj^ccifica- 
tious shouhb therefore, never be chaiige<! unless absolutely iicces'^ary. and 
then only when siiflicfcnl data arc at hand to determine exactly the nature 
and extent of the change. These specifications are usually given on an 
alumimim tag riveted to the carburetor. The carburetiir is of the two- 
harrcl or duplex type, each barrel being iu itself essentially a sqjarate car¬ 
buretor. The barrels have an actual internal diameter of inches and 
the throttles arc placed on the same shaft and arc consequently oper<atcd 
I'V a single lever. The common Ibiat chamber is placed between the bar¬ 
rels, tins constructiem giving a uniform action umler the <lil^ereiit angles 
assumed by the airplane when on the gnuuid or iu normal flight. A single 
mixture control, of the back suction type, is used, this being* jHissibic since 
the two barrels draw from the common float cbaiubcr. The operating ac¬ 
tion of the thr<»ttlc and mixture Cimlrol levers is fi»re ami aft. ’Die internal 
specification or setting in the carburetor has been worked out to fit the 
requirement of the C.'vm engine. A l*^o-inch venturi and a No. 39 Main 


Metering Jet should be used. 

For starling the engine the general practice given iu the chapter on 
Stromf>crg carburetors is recommended. It can reailily be seen that with 
the Uiw speeds iiscti in cranking, it is lunch easier to start the ulle system 
to functioning than the main well. In starting, therefore, the throttle 
should be kept closed, or nearly closed, at least until the engine fires. 
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Service Operation.—It has been fotind in service that there are several 
points, more particularly pertaining to adjustment, which require attention 
in order to obtain the l)csl results from the carburetor. The idle adjust¬ 
ments on these carburetors cover a wide range and it is possible to make 
the mixture furnished the engine at the lower idling speeds either quite 
excessively rich nr lean. Both conditions have a noticeably )>ad effect on 
the operation, not only on the bile itself, but on the acceleration and other 
factors of performance. The correct condition is. of course, that which pro* 
vidcs just the right intxUirc to make the engine idle smoothly and regularly. 
This is usually a compromise as the engine requires a leaner mixture when 
hot than when ctdd. 

The actual regulation should he made working with both the idle ad- 
jii.stnienls and the thnittlc stcqi ndjiistmcnt. The throttle stop <adjiistmenl 
is easily recognizc«l. 1 icing a small screw fa.stcited in an arm rigidly con¬ 
nected to the throttle shaft. In the closed thridllc t>ositioii this screw 
strikes ng.ainst a small .steel stop cast into the body of the carburetor. The 
regulation of tliis .<crew. therefore, determines the mininuitii throttle open¬ 
ing. When the engniic is in go(Hl conchiion with no manifold leaks, a good 
regular and positive nllc cun he nhluiaccl at upproxnnatcly 250 r.jj.m. (500 
r.]).m. on tachometer) with spark advuncc<]. With the mixture adjusted 
ccirrcctly, there »h<uihl he no excess of black smoke or tendency toward 
‘‘loading up * from u too rich mixture or irregularity from a loo lean mix¬ 
ture. 

At the lower ifllmg .speeds, it is not |H»s.sihlc to make all of the cylinders 
fire with equal strength. Due to the low velocity in the manifold, it is the 
tendency of the heavier parts of the mixture, that is. the litjuid particles, 
to collect and run to the bottom cylimlers. These cylinders will, therefore, 
always he the richer. H. in a<ldition to ihi.s uAtural condition, there arc 
any manifold leaks around the top cvlimlers, they may not fire due to a 
too lean mixture, 'riicre is always a normal air leakage hy the valve slems 
and a certain amount of exhaust gas dilutioti due to the overlap of the 
valves. A little careful oh.scrvatinn and ex|>crimcnt will soon show what 
adjustment is best for any jiarticular engine. In this cimncction. account 
should he taken of the other factors^ of jicrformancc, mitahly acceleration. 
If the idling mixture is either cxces.sively ricli or lean, the acceleration on 
a quick opening of the throttle from the lower iflling sjieeds may be had. 
Acceleration is also greatly affected by the fuel level in the carburetor. To 
obtain the best acceleration, the lc\el .should be as high as pos.siblc. The 
limiting factor in this rcsjiect is, of course, the .stiimlation that there he no 
flooding when the carlmrelor is tilled at any angle of normal fiight. The 
correct level to fulfill these conditions is 1J4 inches below the parting sur¬ 
face of the two halve.s of the carburetor. A tolerance of ] Vi g inches in 
either direction is allowed. 

The specific gravity of the fuel used, as well as the fuel pressure, have 
a noticeable effect on the level. The level wilt he lower as the fuel is 
heavier. The carburetor as originally snpplictl has the level set for a very 
good (that is. light weight ) grade of aviatkm ga.solinc. The use of fuel with 
a higher siiccific gravity will cause an excessively low level. High fuel 
pressure at the carburetor inlet will cause a high fuel level. If a fuel pump 
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is used, three pounds per square inch in pressure at the carburetor is re¬ 
commended. If n gravity fuel system is ii.scd ihc outlet cjf the fuel lank 
.should he at lea.st one foot above the carburetor fuel inlet. 

Carburetor Settings.—It is. therefore, best when iiidicalioiis of pt»or 
acceleration are present and all readily visible causes have been eliminated 



to check the fuel level. This can be done with the carburetor on the engine, 
though it is usually better to remove it and set the carburetor on the work 
bench with the necessary crpiipnient. The check should always he made 
tinder conditions similar to those of actual operation: that is. with the same 
fuel as used in the engine and with the same fnel head on the carburetor 
as is actually present at extreme low ullc. If the level is not correct, it 
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should, of course. l>e luade so. The setiiiijjR in these carlniretors were de¬ 
termined using a good grade of aviation gasoline and as far as jiossibic 
allowance was made for a normal variation in weather conditions. For 
operation in extremely cold weather or with inferior gasoline or combina¬ 
tion of both con<!ilums, it may be finiiul necessary to use larger metering 
jets. 

The ideal aimetl at is. of course, the luininium fM^ssiblc fuel cons»implion 
consistent with gof»d criglju* |>erfurniancc. C heck the carburetor first to 
determine >vbat ineiertiig jot size is actually iti place. If the size is lliat 
given as c<»rrcct for tlie particular cnn<liiluns umler which the carburetor 
is operating. tl»e luain nielernig jets may be rennued aiicl jets of two drill 
siacs larger sulistilnlccb Metering jets shonhl never be ilrilled fiut. New 
metering jots of ilic size <iesirecl shonhl ho obtaiiiwl ns there will be a great 
likclpboo<l of large errors with itncalibniled jets. It should never he neces¬ 
sary to increase tlic main mclcrmg jets hy iin»rc than two sizes and as an 
invariable rule, do not a main metering jet more than four sizes larger 
than the starxlanl s|K*citication. In any event pilots should he warned to 
use the mixture cjmtrol as much as ))ossihk*. The carhurclors should at 
every opptirlunity be chcckctl carefully to sec that all pans, screws ami 
connections are tight and that all controls are functioning projicrly. 'riig 
fuel strainer in the carburetor sliouhl he cleaned regularly. 

As notc(l under *‘Hcnch In spec I ion.** in the carburetor chapter, the car- 
burct<ir.s at any lime it i.s <leemed necessary, may be partially disasscnihletl 
ami given a tluirough ins^K'Ctuni to tlcteniiinc their c<nicliiion. It is rccom- 
memled that this l>c done ui all cases of doidit. The o|>eration of the engine 
depends to .such a large extent ujion the carburetor that its condition should 
be kejil at all times as nearly perfect as is )M>ssihle. For an overhaul, the 
carburct<jr .should be a]mo«>t ciunjdetely disa.ssembled so that the condition 
of every part can be determined. An aircraft carburetor which is properly 
overhauled should be in exactly the same condition as a new one. This 
requires a thonnigh knowledge of the carhnrclor auc] paitisl.nking^ attention 
to every detail of dis:isM»iiihl\, examination ainl re-a.sscmbly. The j>rocedure 
given in chapter on Siromlicrg carburetors shonhl be fnlhjwed in all par¬ 
ticulars. 

The illuslralious of the carburetor should he examined carefully, with 
particular reference to the actual mechanical construction so that the dis¬ 
assembly and re-assenibly can he properly made. The carburetor has been 
designed in so far as possible tu require no sjiecial t<»ols. However, as is 
necessary fur all good work, the best of t<M>ls should be U'^ed and only those 
which are cxactiv fitted to the work. Particular care should lie taken to see 
that gasket surfaces are not injured. Especial carefulness is also required 
for the proiier a.sseinbly ami <lisasscmb]y of the float mechanism. This is 
made of sturdy con.Ntniction to stand hard service, but it is necessary for 
projier o])cration that it he assembled with the pivot accurately lined up, 
and the needle in its proper location at all positions of operation so that 
there is no tendency to bind, lie certain that the float does not rub on the 
carburetor walls. 

To disassemble the Model N.\-U5 carburetor shown at Fig, 5S2, it is 
necessary first to remove the eight fiHi.«lcr head screw.s which hold the tw'o 



CARBURETOR ASSEMBLY 


1141 


halves of the carburetor together. Sotnetimes these halves stick after long 
service but will loosen easily with a few light blows from a rawhide mallet 
on the lower half, holding the tipper half securely in one hand. Then un* 
screw the two plugs in the bottom of the main discharge nozzle bosses. 
Unscrewing the accelerating well screw will then allow the removal of the 
main discharge nozzle ])r(iper and the accclcraling well screw. After these 
arc out, the accelerating well stud .•should be unscrewctl from the main dis¬ 
charge nozzle. The Iteration of the gasket.s removed should be carefully 
nc»ted so that they can be put back correctly in place when the rc-a.sscmb1y 
is made. Remove tbc strainer from the strainer chamber. 

The float assembly and float needle valve can be taken out by unscrew¬ 
ing the float fulcrum .screw. Unless it is known that the float level in the 
rarburctor is tnct»rrcct, it is not necessary to remove the float needle valve 
scat. This has been .'securely placc<l in the carburetor and is set at the 
]>n»])cr position to niiiintuin the correct fuel level. If an examination shows 
that a new nce<llc is iico<lcd. it will then ]jr<»)nably be nece.ssarj' to remove 
the scat to reset the level and obtain a tight fit with the new' needle. Re- 
mr»vc the idle air bleeders ami the ulle tubes from the lower half. See that 
all drilled passages arc o\H:n. The mixture c<mtro] >alvc is opened to in¬ 
spection when the c<w'cr ])latc is remove*! by unscrewing the small fillister 
head screw'S. The mixture control valve is indivi<lua)ly fitted and is not 
interchangeable with valves fr<uii other carburetors. 

If the throttle valves fit accurately ami the Ihroulc shaft works freely 
in its bearings, it is not necessary to remove these. In case of removal the 
throttles should be marked Utr refining. These throttles are machined 
accurately at tlic exact angle they lie in the carburetiir barrel (twenty de- 
grcc.s with ibc horizontal). The barrels are carefully finisluvl with a reamer 
which is held to within five ten-lhousumlths of size, in the reaming, how¬ 
ever, the barrels attain dilTcrcnt dcgrce.s of heat and there may he .slight 
vanntions in size. I'or this reason the llirottles are each fitted individually 
oil the original assemhiy. Therefore, when removing them, mark carefully 
.so that each throttle relurnc<i to the proper barrel witli the ))ro]>cr face 
u]> and all points on llic circinnfcreiice in exactly the s.'ime location as be¬ 
fore removal. The hexagon head |dug which holds the idle adjustment 
assembly in place should be unscrewed and the assenibly renuivcd. 

The <’isscnibly of the carburcUir is. of Course, just the reverse pre^cess 
given above with the following a<hhtioii: after the assembly of the lower 
half, the float level should be checke*! and if mit right corrected. As noted 
above, the obtaining of a correct float level is of the highest impi>rtanc€. 
In making the re-asscmbly, loo much care cannot he exercised in seeing that 
all necessary gaskets are in place. There arc many gaskets in the carbu- 
’'ctor and the omission or imprci|>cr placing of aii) our of tliose may cause 
rnmplete failure of the carburetor action. In assembling the upper and 
inwer halves of the carburetor together, it should be made certain that they 

well. It will be noted that the venturi tube is held in place by a shoulder 
•machined on the tube itself fitting into a groove in the lower half. The 
ddekness of the shoulder and the depth of the groove arc nearly the same 
•^0 that the venturi will be held tightly in place and will not move under 
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vibration. Check carefully to see that the venturi shoulder will not hold 
the two halves apart»for should it do so, the resulting action will be the 
same as that from an imperfect main body gasket, 


QUESTIONS FOR REVIEW 

]. What is the riiMinctivc feat lire of the FaircliihFCuminex engine? 

2. How arc low propctler obtained in the Caminez engine? 

3. Why arc valve timing cams driven directly from the engine drive shaft in 
Caminez engine? 

4. Describe lubrication .system of Caminez engine. 

5. What K the normal oil pressure of the Caminez engine? * 

6. Outline steps in starting Caniincr engine. 

7. J>cscrilH* periodic msiKTlion procedure for Caminez engine. 

8. When is top overhaul necessary? 

9. Outline steps in a complete ovcrliaul of (he Caminez engine. 

10. Ilow' Is Caiinncz engine timed? 



CHAPTKR XXXIll 


WRIGHT WHIRLWIND ENGINES 

Wrifht **Whirlwind" J4A Engine—Wnght J5 Engine Peenires—Specifications, J4A. 
J4E and JS Engines—General Description—Cylinders—Crankcase—Crankshaft— 
Valve Operating Mechanism—Connecting Rods—Pistons—Valve and Springs— 
Ignition—Fuel Pum^-Induction System—Lubrication System—Ac cess oriei— 
Whirlwind Engine Troubles—Engine Fails to Start—Low Oil Pressure—Crank¬ 
case Filling with Oil—Engine Runs Unevenly—Excessive Oil Temperature—Car¬ 
buretor Leaking—Cold Weather Cautiona—Inspection Routine—Daily Inspection 
—After Twenty Hours—Complete Overhaul—Disassembly and Inspection- 
Whirlwind JS Cylinders—Whirlwind J4A and J4B Cylinders—Nose Plate—Crank¬ 
case Front Section—Intermediate Section—Connecting Rods—Master Rod- 
Crankshaft—Inspection—Replacement of Valve Guides—Assembly of All Parts— 
Valve Operating Mechanism Adjustments—Timing—Installing J4B Cylinders on 
J4A Engines—Wright JS Carburetor—Carburetor Overhaul—Carburetor Re¬ 
assembly. 

The current Wripht “WliirKviiur* Motif) J5 is the result <jf seven years' 
Intensive (Icvclujunfiit nn one type of entrinc witliouC nlUTaticni in horc und 
stroke and without cluin^n^anv hnsic feature of the original design. The 
ilcvclojimctil contract ttinlcr winch this senes of mo<lfls Lfgart was dated 
1‘chruary 2Hih. 1‘>J). Since Ihul lime seven successive models have been 
develo|>rd and several thonsaiul enemies sold. )}raclicul1y all g«nng into im¬ 
mediate service where thousands of llyiug: lumrs have Iwcu accumulated. 
Thi.s service Icsiiiig in the hainls of the United States Navy and many 
nnnmercial interests has resulted in a wenllh of |»ractica) e.\f>crience and 
technical data, which has formed the groinulwork f<ir (nrlher impr<»vemcut 
in detailed design, Thc.se improvements liavc first hcen devch»i)ed and 
tested in the lulsoratory through extensive dynanioineler truals and later 
supplemented hy Hight tests where average .service conditions were sim- 
nlaled. When conclusively proven, the changes have hecn definitely 
adopted as standard and made a feature of the next production run of 
engines. 

This policy of gradual improvement ami perfection has rcsuUetl in a 
sound dcvclojnnent where each successive model has contained iinprove- 
nienls dictated hy service experience with the jireccding engine, and in 
which each nioilel has hcen uniformly successful. No other American air¬ 
cooled engine has such a lii.story: in fact, the successful devchi]nucM( of the 
Wright “ WhirKvin<r* engine has been largely rcsjMnisible for the American 
acceptance of air cooling as an ideal for aviation service. At the close of 
the World War the entire American aircraft engine industry was concen¬ 
trated oil the production (»f water-ccKiled engines. This concentration was 
logical, since the early American aircraft cngities using (he water cooling 
principle had l>een more successful Ilian the early attempts at the use of 
air cooling. Up to this time no American air-cooled engine producing 
more than 100 horsepower had been successfully constructed, and it was 
generally felt that the expense of developing this principle, with the attend¬ 
ant difficulties, would fie so great as to lie unwarranted by the funds avail¬ 
able at that time. It is fortunate, however, that among those rosjionsible 
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for the future success of American n^ival, military an<l commercial aviation 
were a few farsighted men whose faith in the principle of air cooling led 
them to ilevote iheir time and the funds available to further development 
of this type nf engine. 

In 1916 Mr. C*harlc.'« L. Lawrance started a development of air-cooled 
engines of small j«i\\tT. IIis early experiments led him to the belief that 
larger powers could he .succcs.sfully con.structcd, and it was largely through 
his etforis (hat an exiu*riniental contract for the dcvelopmenl (»f a nine- 
cylinder. I40-liorscpo\vcr Ajr-co<)lc<l radial engine was awarded by the 
Uniiet) Stales Army early in Immediately thereafter the Ihiitcd 

Stales Navy also gave Mr. Lawrance a contract f«»r a .similar type <jf engine 
to have a guarantee of 200 horscijower %al I.SOO r.p.m. 'I'liesc two engines 
were <leveioped simultaneously and Indh passed their 5()-hour acceptance 



Fig. 553.^Wright '^Whirlwind" J4 Radial Cylinder Engine. At Left. Viewed from 
the Propeller End. At Right. Rear View Showing Carburetor and Induction Syetem. 

Note Differences in Detail with J5 Models. 


tests early in 'I'his .second engine, designed and constructed for the 

United Stales Navy, was the forerunner of the now fanums seric.s td Wright 
Whirlwind*' engines, having a bore of 4)'^ inches and a stnihe of 
inches, and raletl at 200 h<)rscpower at 1,1^) r.p.m. Since that lime eight 
successive models have been pn»<lnred wilhout alteralicui in the basic de¬ 
sign. The.se models have l>ecn the JL J2, J2, J4, J4A, J4R, JS an<l J6. Each 
mcidel has been produced iu ejuantity for the United Slates Navy before 
being released for commercial sale. In this way commercial aviation in the 
United States has been given the 1)encfit of limc-tesicd engines of a design 
already approved and tried by the United States Navy. The current models, 
JSC, J5CA and J6 cominne all the exjjcrience with the preceding engines and 
constitute a refinement which gr>es far beyond their capabilities. 

It is the policy of the Wright C<»inpany to incorporate engine improve¬ 
ments and minor new developments in their engines as rapidly as possible. 
To designate each factory run of engines of exactly the same detailed de¬ 
sign, capital letters are added to lUe basic model designation. In this way 
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the Mode! J4A was a refineiticnt of the Model J4. and in a similar way 
the Models JSC and J5CA indicate minor modifications of the basic Mode) 
J5 design. The rapid development of American commercial aeronautics 
came coincident with the Wright “Whirlwind" Model J4B, and it was this 
engine which was so successfully and so widely used in commercial enter* 
prises during the year 1926. In competition with war surplus engines at 
much lower first cost, the Wright “Whirlwind" has demonstrated its out¬ 
standing efficiency to such an extent that many commercial interests have 
disregarded the higher ongiual investment and gained their increased 
profit.s through lower operating expenses throughout the greater life of the 
“Whirlwind" engine. It has fre<|uently been proven that the operation 
ex]>enKe of a modern air-cooled rn<lia? engine t.s much lower than that of the 
war surplus watcr-coidcd type; that its ultimate life is much greater; that 
the dtfTerentlal in first cost is rapi<lly overcome: and that in the end the 
mi»deru air-cooled engine will prove more economical. Well proved planes 
from Ihc designs of leading American inanufacUircrs. jxiwered with "Whirl- 
w'ind" engines for every iy|>c of flying, including open .sport planes, closed 
fatiiily and pa.sseriger planes, cargo plane.s, seaplanes, planes that take-off 
fnmi land or water, or big trimotor airliners, as comfortable as a yacht, 
are available. 

To initline in any detail all of the rccortl breaking performances of the 
Wright “Whirlwind" motor rcj]ture.s more sjjace than is availaldc in a lx>ok 
nf thi.s character hut some of the feats performed !>y pilots having planes 
pf|nipped with this powcrplant, as enumerated below were epoch making 
in character aud should he mentiinied hriefiv. 

On May 9lh, H126, Commander Byrd and Floyd Bennett flew from 
King's Hay, Spitzbergen. to the North Pole and return in fifteen hours and 
50 minutes. A Fnkkcr monoplatic. etpiipped with three Wright "Whirl¬ 
wind" engines, was used. 

On April 12th. 1927. the Wrighi-Hellanca cabin monoplane, with 
Cls^rence Chamberlain and Hen Acosta a.s pilots, look off from Roosevelt 
Field. N. X.. and established ,1 world's record eu<lurance flight of 51 hours, 
11 minutes and 25 seconds, exceeding the previous record by approxi¬ 
mately six h<mrs. The plane took otY with a useful h)ad of over 2,900 
j>oun(ls, including 585 gallons i»f fuel. 

On May 20th, 1027, Captain Charles A. Lindbergh took off alone from 
Roosevelt Field, N. Y., in his Ryan monoplane. "The Spirit of St. Louis," 
and landed at Lc liourget Air|K»rl, Paris, France, .55 hour.s. 20 minutes and 
50 second later, having covered a <li.stancc of 5,610 miles. 581 gallons of 
fuel and 11.8 gallons of <nl were consumed in this flight. 

On June 5th. P>27, Clarence Cham1>erlaiii, with Charles A. Levine as 
passenger,, completed a nonstop flight from Roosevelt Field, N. Y., to 
Kisleben, Germany, a distance of 3.%S miles, in about 43)4 hours. The 
Hcllanca monoplane which had previously established a world’s endurance 
record, was used for tliis flight. 

On June 29ih. 1927. Lieutenants T,. J. Maitland and A. F. Hegcnbcrgcr 
completed a nonstop flight of 2,40f) miles from Oakland, California, to 
Oahu, Hawaiian Islands, in 25 hours, 50 minutes. A Fokker monoplane 
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Army transport, equipi^Cfl with three Wright '‘Whirlwind’* engines, was 
used for this flight. 920 gallons of fuel and 21 gallons of oil were consumed 
by all three engines. 

On June 29th, 1927, Commander Byrd, accompanied hy Bert Acosta, 
G. O. Novilic and Hernt Balchcn, took off frtMii Kfuisevclt Field, N. Y., in 
a Fokker monoplane with three Wright ‘'WhirlwiiKr* engines, for Paris, 
After arriving over France, they were iinahle ti» locate Paris due to low- 
lying clouds and heavy rain. Turning Kick towards the C(*ast, they landed 
at Ver-sur-Mer, after sonic 43 hours in the air. 

On July 13th, 1927, Ernest L. Smith and Kmory 11. Bronte look off from 
Oakland, California, in a ’'Whirlwind** engined 'J'ravr? Air nionoidane. and 
landed on the island of Molokai. Hnwaiinu Islands. 25 hours and 36 minutes 
later. In this nonstop flight, 2,.348 inilcs were covered. 

In the Nalicnial Air Tour, June 27lh to July lilh, 1027, l^dward A. 
Stinson, in a Slin.scm ni<»nf»planc wrih a "Whirlwind** engine. wiJii first place 
with a score of 97% of the po.sRihle maximum, 'Phis plane attained a high 
speed of 124.3 miles per hmir with 1.500 jwmuds pay load and a lota! of 
2,275 pounds useful load. This tour of over 4,000 miles, covered eighteen 
states and one provlnre of ('aiuula. 'Pwelvc of tin* fourtcci) planes compet¬ 
ing were equipped with Wnghl "Whirlwind** engines. 

On December I.3th, 1927, Colonel Charles A. l.indhcrgh flew from Wash¬ 
ington. I). C^. to Mexico City, .Mexico, lu his Ry,in monoplane, "*rhc Spirit 
of St. Louis,” as the initial flight of a giKidwill tmir oi the I'an-American 
countries. Exactly two months later. Pcbniary 13lh, 1928. Colonel Lind¬ 
bergh arrived safely in St. J-oui>, after having >isiled seventeen cities in 
fourteen eouutrirs ami having c*»v<*rvd ‘LFtO miles. Starling New Years 
Day. Jan, l.st, a loikkcT "Whirlwind** irimoior inono|>lanc, tii charge 
of Major Carl Spatz <if the U. S. Army remained in the air for 154 hours 
and 40 miunles, breaking all world's records for extended flight for any 
type of aircraft. 

This chapter, which has been reproducc<l from the makers instruction 
manual through their courtesy is included in this treatise with the inten¬ 
tion of providing the ncces.sary in.slriiclioiis for ojieraling and overhauling 
Wright "Whirlwind** engines, which arc s<» widely distributed, and which 
have so many records to their credit. 

It IS intended primarily for the use of those in charge of a number of 
engines but it covers the whole field. The airplane designer will find infor¬ 
mation helpful in pn»vidlng the Ix^st installation in the ehajiter to follow on 
that subject, the pilot will find instructions for handling the engine and the 
hangar men will find hints on its daily care, l^crhaps the greatest attention 
has been given to the chapter on disa.sscnibly and inspection. The methods 
followed were decided after careful consideration of factory procedure 
and conditions in the field. Particular emphasis is given to instructions on 
some points which may ap|>ear to the reader to be of small importance. 
However, great care has 1>cen taken not to .stress anything unduly. When 
small matters have been made \ery prominent it is because experience has 
dictated that these points must be given especial care. It has been as¬ 
sumed that the mechanic who does the work will be fully acquainted with 



‘WHIRLWIND” J4A ENGINE DEVELOrMENT 


1147 


the grade of workmanship necessary for aviation engine repair, bonce there 
is no reference to elementary* points of craftsmanship. For further assist¬ 
ance. or for explanation of points nut foinicl to he fully covered, application 
>h<mld he made to the c«iii>)iany*s Service I Icparlmenl by writing the 
Wright Acnmantical Con>»»ration. 1‘atcrsoii, N. J. 

Wright ‘Whirlwind” J4A Engine.—Siime years ago, through the fore¬ 
sight <if Gnnmaudcr H. C. Leighton, then in charge «if engine development 
for the Navy, the Hurcaii of Aeronautics gave the Lawrance Company an 
ixjHjfi menial coni rad f(»r the development of a small nincH*ylinilcr engine, 



Fig. 554.^Wright ‘‘Whirlwind" J5 with Endoted Valve Gear Viewed from the Rear. 

n^ing the cylinders developed for the three-cylinder engine. This engine 
was known as the Jl. A number of these engines were put into Naval serv¬ 
ice. beginning about six years ago. The Jl was followed svirccssively by 
J3, J4 and J4A, which were develope<l by the Wright Company after its 
merger with the Lawrance Company and two recently designed forms the 
J4U and the JS have also Ijccn <levclui>ed. These engines arc now practi- 
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cally standard in (he 200 hnrsei>ower class» several hundred being now in 
service. I'o the Navy, (hcrefure, should go the credit of first putting air¬ 
cooled engines to work in this country, though the Army used thousands 
in its aviation school system in France for training purposes. Owing to 
its use by the Navy and numerous commercial airplane constructors, the 
Wright “Whirlwind'* series is pr<d)al)ly the best known and most widely 
used of the contcini>orary radial designs. The J4A type is shown at Fig. 
553 and the improved J5 is illustrated at Fig. 554. This differs from the 
earlier type in iitimeroiis detail refinements. The valve gear is enclosed 
and a Ihrvc-barrcl carbnretf^r i.s used. 

l‘he pnfblem of fuel disiribution is an iiiijMirtant one in radial engines. 
Various systems of gas dlslributinn have been used. So far, the most 
.satisfactory has been three separate three-cylinder induction systems, con« 
si sting <ti circular manifold.s with cylinder leads IJO degrees apart, each 
provided with its own carburetor. H a single inlet-valve becomes inopera¬ 
tive, only three of the nine cylinders are affected. This system has the 
disadvantage of ctuisidcrablc weight and complication. A modification ha'i 
liccn used by the Wright Company in which the three manifolds are con¬ 
nected to a single double-barrel rarlnireu>r in the J4A and there is very 
little more c<iin]dication in the three-barrel type used on the J5 engine. A 
third syslem of eonsi<lcrab1e promise is the ndary distributing system, in 
which a .single carburetor i.s used in conjunction with a small blower from 
which the gas is taken tangentially to the variou.s cylinders, TUe. blower 
not only distributes tbe gas uniformly, but (boriMighly mixes the fuel with 
the air and prevents puddles of fuel from forming in the induction system. 
This sy.sieni is used in the Pratt A* Wliilney •’Wasp' engine as well as 
the Wright Cycbme, Bristol Jujnler and others. 

The mechanical balance of a radial engine involves the use of counter¬ 
weights. These are calculated so as to lialance the entire weight of the 
connecting rods and the pistons attached to the crankpin. The center 
i)f gravity of this system Iravcl.s appmximalely in a circle alKirtt the 
crankshaft so that practically ]HTfcct mechanical l>alaiicc can be secured. 
It has been found that a fair apj^roximation to thi.<i method can be .secured 
by balancing onr-half the reciprocating and all the rtUaling weight, con- 
shlering it all to be on the crankpin. With the lunger strokes, the travel 
of the center of gravity l>ecoines an elli|>sc, .so that it is necessary to deter¬ 
mine upon the best circle and to make an approximation of the balance. 
The concentration of all the connecting ri»d weights ujjon one crankpin 
results in large counterweights; U*r example, a 1.650 cubic inch engine may 
require counterweights that weigh approximately 60 ]K>un<ls. The cut-away 
sectional view of the J5 engine at Fig. 555 shows the construction of the 
counterweights and the big end of the master r<Kl very clearly. 

The design of the master connecting rotl. Figs. 555 and 556 involves a 
study of kmicklc-pin travel that is particularly interesting. The knuckle- 
pin adjacent to the master rod, which is usually put into the vertical or 
No. 1 cylinder, travels in nearly circular paths, while the pins for rods Nos. 
5 and 6, which are at the l>ottom. have an elHpselike motion, with the long 
axis nearly at right angles to the cylinder center-line and considerably 
greater than the stroke. To equalise the compression ratio of the various 
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cylinders, it is necessary either to vary the knuckle pin centers with respect 
to the crankpin, or to use different heights of cylinder pads. As the motion 
of certain knuckle pins becomes more and more elliptical the farther re¬ 
moved they arc from the crankpin, an effort is made to keep the crankpin 
>iiiaU and the knuckle pins as close to the center of the pin as possible. 
The master rod necessarily receives considerable l)cn<ling due to the forces 
applied by the link nwls. For thi.s reason it is necessary to make the master 
rod of considerable section in the shank. Due to this condition, trouble 
might be expected from the added sidethrust on the master rod piston. 
No difficulty is CNpcricnccd from this in practice. 



Fia. 55S.—Part Sectional or **Cut Away** View of the Wright 'Whirlwind" Engine 
Showing Connecting Eod and Crankahaft Aaaembly, also New ]5 Cylinder 

ConitructiOTi. 

The general constructum of the J4A and J4H engines can be under* 
inod by study of the transverse .secli«m at Fig. 557 and the section taken 
ilinmgli the accessory drive casing at F'ig. 558. The construction of the 
15 ’*Whirl\vin<r' engine can l)€ grasped by inspection of the oiling chart in 
ihe chapter on lubrication systems. The dimensioned installaticm drawing 
at Fig. 559 is valuable in showing how compact this form of powcrplant 
I*'. The table of specifications which follows is furnished by the Wright 
Aeronautical Corporation and gives detailed information regarding the 
three latest forms of “Whirlwind" engines. The J5 is the latest type and is 
the form that has superseded the J4A and the J4H engines. The differences 
in construction are all made clear in the specifications furnished by the 
makers. 
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Wright J5 Features.—Tilc current Wright “Whirlwind” Model JS 
shown at Fig. 560 which shows a front view and Figs. 561 and 562 which 
are sectional elevations is the result of eight years* intensive development 
on one type of engine without alteration in bore and stroke and without 
changing any l>a>ic feature of the original design. 



The new features in the “Whirlwind” all aim at im])rovt*cl cemunny. A 
new cylinder design shown in setlional view at Fig. 561 gives cooling 
characteristics even better than those of the previous “Whirlwind” which, 
in conjunction with the new thrce-barrel single float carburetor, and the 
new induction system, gives a marked improvement in fuel economy. The 
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rH‘w enclosed valve gear gives economy in maintenance, as it keeps the 
dust, sand and moisture fr<im the wearing parts, decreases the variation 
in valve clearance with temperature, and increases the length of lime the 
valve gear can go without hihrication l>y hand. The durability of the valve 
operating inechaiti.siii is greatly incrensed by increasing all the bearing 
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Fig. 557.«~Transverie Sectional AascmblT Drawing of Wright ''Whirlwind" Engine 
Model* J4A and J4B. Cylinder C^iatniction is Now Different on J5 Engines. 


surfaces, and using the most durable materials known. Many parts of the 
engine, such as the external oil pipe assemblies, have been redesigned for 
increased durability. With straight a\iation ga.*«(dine. the average fuel 
consnmpti<in c)n pro<lucliun engines has been running between .5 and .55 
l^ounds per horsepower hour at full throttle, and the fuel consumption 
ui cruising speeds is so reduced that a plane can cruise on from eight to 
twelve gallons per hour ))er engine. AH de.sirable accessories can be fitted 
immediately to this engine, including the Wright engine driven fuel pump, 
tiny standard type of gun syuchnmiacr drive, any standard starter. A hub 
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for wfXKleii propeller is standard but optional. Priming pump and fittings, 
tool kit, instnictkm book, magneto switch, the Wright carburetor air intake 
heater and a substantial shi]>ping box arc standard equipment. 

It is doubtful if any other engine in the world has succe.ssfully under¬ 
gone such long periods of full throttle endurance testing as tlic Wright 
‘‘Whirlwind** engine. Three 5D-hour full throttle endurance tests were run 



Fia. 558.-*AwembIy Drawing Showing Section Through Accesaory Drive of Wright 

Model# J4A and J4B Engines. 

on the first experimental engine alone, in addition to 100 hours of miscel¬ 
laneous testing. The first full throttle 50-hour test was run at 2,000 r.p.m., 
developing 239 horsepower with a fuel consumption of .508 pounds per 
horsepower hour. The .second SO-hour full throttle test was run at 1,800 
r.p.m., developing 216 hur.se]>ower with a fuel consumption of .458 pounds 
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Fig. 559.—Installation Drawing ot Wright J4A and J4B "Whirlwind” Engines. 
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per horsepower hour. The thir<l 50-hoiir fuU ihrntllc etuluraiice lest was 
an overload tesl iisitipj an exlemal sujwrcharjjcr and develojnn^ 287 horse¬ 
power at 2.14<) r.p.in with a fuel constinijiimn of .504 pounds ]>cr horse- 
pemer hour, Siine teMs were nin. seoies of ihese WTi^jhl “ Whirl- 

wituV enj'ines li.i\e been tesled cxlrns>^^d>, hnlh in lli^hl and on ihe bench. 
They were i'lrM installed in a variety »»f military planes, and are now being 
daily installed in a wide \ariety of commercial aircraft. 

CoiniiKTeial a\ ialion owes nineh to tlic broa<l ainl public spirited nttitmle 
taken by the U. S. Navy Department years ago iti deciding ti» encourage 
the development of the Wright ** Whirb\ inil'* engine along such lines that 
it might be available at roastniable [irives f«ir tisc in commercial aircraft, 
as well as in naval nml niiltary planes. A tletuilcd <lcscription of the new 
Wright ‘AMiirlw iml'* Mi»del logcilicr witli illustrations of parts, operating 
snggesliiiiis and instrncti«>]is for iusiallation follows. 



FIc. 560.—Propeller End View of Wright "Whirlwind** J5 Engine Showing Enclosed 

Vilve Gear and Magneto Installation. 
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AX Va^vf Spring lading (IMiis or minus 10%): 



Valve 

CUvsed 

Valve Open 


T.eiiK(h 

Luail ^ 

I.ei iKtIi 

Load 

Inner . 1 

Iniermciiialc. ' 

< hilcr . 

Mr 

Mr 

Mf 

84 Ihs 

1,i,t Ihv 

20 1 Ills. 

1 

1 

1 i'.*' 

IV 

13 1l>s, 

224 11)^, 
33,n lbs. 

.i4n ' 

Inner . 

nr 

15 1 |1r> 

1 

24 4 lUs, 

(hilor . 

222 n»H 

1 td 

37 y lii5. 


1 (*111] K*ratlire ihI uiII Ik* appruMiiMidy 10* I* b»^M'r 


General Description.—The Wright ‘‘Whirlwiiur* aviation engine is of 
the nine-cylinder, air-cooled, static radial ty])e<»f>eralin^ <»n the conventional 
fniir-strokc e)cl<*. 'fhe Imre is 4j^-invh anci iht* stroke Sl'j-iiudi, K'vinjr a 
total iltS|jIacenK*nt of 7HK cithic inctics. 'I'hv rated |»o\ver is 2t)0 horsepower 
at 1,800 r.|).ni. The normal |>«»vver at rated stK’ed is 21 i horsciMiwer for the 
Model J4A and 220 horse|h»wer fi»r the Models J4II ami J5, 'The guaranteed 
fit el and oil consumptions at rated ])oucr and spml are pounds per brake 
liorsejMm cr lumr and ,025 poiiiids per brake horsepower hour respectively 
for tlie Models J4A and J4U. Fi»r the Model J5 these are .5.^ pounds per 
brake horsejanver Innir and .035 tMunids per brake horscjunvcr hour. 

Cylinders.—The cylinders of Models J4A and J4R cuj^incs difTer but 
shjchlly in several minor details. Service Instructions giving dircc- 
tiiMis for installing J4M cylinders on J4A engines will l>e bmiid in proper 
^e(|ncnce. An alttinimnu alloy head and barret with cooling fins cast inte¬ 
grally i.s serve<l and shrunk onto a steel cylinder sleeve forged with a hold- 
<in\vn flange. Might studs passing through this flange arc used to fasten 
each cylinder unit lii the crankcase. The cylinder head contains two jxirts, 
the axes of which are at right angles to each other. To the port facing aft 
is attached the iiuluctinn pi^^ and to the port projecting in the plane of 
the cylinders is fastened the exhaust stack. Itosscs within the j>orls receive 
the valve guides which are pressed into |H»8iiion. The inlet valve guides 
Ilf all mmiels are of hnnize, while the exii.iust are of bronze on the J4 series 
and tungsten steel on the JS. Valve scats of bronze arc shrunk and ex¬ 
panded within the cylinder head. There are two sjjarkphig.s per cylinder. 
In the Model J4A cylinder one bronze sparkplug bushing is screwed and 
pinned in the crown of the cylinder head forward of the inlet and exhaust 
jiorta. Another hushing of the same materia! is located in the rear side 
of the head with its axis 45 degrees to that of the inlet port. In the 
Model J4B cylinder the two bronze sparkplug bushings are diametrically 
opposite in the sides of the cumbustion-chamher and at an angle of 45 
degrees to the crankshaft axis, (Note:—The terms "right** and *‘left** 
refer to the view point of an observer facing the rear of the engine.) The 
sectional view of a portion of the cylinder and cylinder head at Fig. 563 
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shows tlic nJClhtK? of semriiii; the nlloy hca<l in the steel cylinder very 
clearly. 'I'lic view ui .S.'Wi shows the earliest type of cvltndcr c<Mistruc- 
tion, in wliicli n Iook rihheil head cusliti^ is eiiiphoed. 

The Model J.S eNhoder whieh i.s shown at Fij;. 5M consists <»f a head 
w'ith tlurteeii I'nis cast in aliitnniitni alios screws*il aiul slininh onto a forg’ed 
steel barrel lias*in;* llilrieeii niachiiiecl tins atid the hold <low*n flaiiKc. The 



Fig. 561.~Traiiiverte Sectional View of '^Whirlwind" Model J5 Engine Showing 

Improvements in Cylinder Construction and Valve Gear. 
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ct'inbustion-chanificr *>( this cylinder is appniximately licmispherical with 
ilie valves inclined to the axis of ilic cylinder at angles of .^5 degrees. The 
sparkplugs are located similarly to th(»sc of the J4B hut at an angle of ten 
degrees to the crankshaft axis. Tlicre arc ncj luishings, the plug licing 
>crewed directly into tlic nluniinuin cvlindcr head in the latest muclcls 
though n hushing is shnuii in this il 1 u^l^. 1 linn. 

Crankcase.'—'J'hc crankcase assenihly liuilt up of live alum inn m alloy 
castings held ti»gethcr l*y studs and nuts in generous <piaulity as shown 
at Fig. 'I'ho fnnit section and m»sc plale include the thrust hearing 

housing, brackets for the nirigiiepis aiul I lie niat>ue1o and cam <lnving gears. 
I'he iiitenncdiale section contains the cam and vuhe taiij>et inechauism ancl 
the front main craiikshaft hearing housing. 'I’he main section is providetl 
v\ith the cylinder ]iads and contains the rear main eranksliari hearings hous¬ 
ing and ilie induction passages. 'I'lie rear '*eclioii contum^ ilrrves f<ir the 
I'liel puniji, idl jmnip. gnu s\uchrtnM/er.s and taelumieters. It also provides 
a mounting for the engtiie starter and a hoii'^mg for tlu* main <iil strainer. 

Crankshaft.—'('lie crankshaft is «if the singdc throw counter-balanced 
ivjK* niacliined fnnu a chrome nickid sl**el f<*rgmg and finished all over as 
'how'll at log'. 5f4. It is hollow ihroiigliont its length and is used to dis- 
irihule oil to all i‘arls of tlie engine. Tlu* coniilerweighls are holted to 
cxleiishnis of ilie crank cheeks. ‘The shaft rides in four hearings—the hall 
thrust hearing, the two main roller hearings, ami n jdain hearing in the rear 
'CctKiii svliere ihe od adtmllc<l. 'I'lie ]dioti»g'raph sIiosns the .shaft and 
those parts winch are as.setnhicd with it in the engine. Starting from the 
renr emi these are the starter dog. accessories clnve gear, rcluitiing nut. 
f>d stinger, rear hearing, front mller he^^^ing^ oil slingcr (m»t visible), spac- 
ing^ ring (not visible), cam. cam drive gear, .'Spacer. <dl sling'LT. thrust hear¬ 
ing, oil slmger, thrust hearing nut, proi«*ller huh key aud propeller huh 


inner nut. 

Valve Operating Mechanism.—On all 'AVlnrlwind'* mo<lcls the cam i.s 
localeil in the m ten tied iaie section. It nnisi.sts of a hardeiicil steel ring' 
with eight hdies mi the oiiKide and an internal gear cut on the inside. This 
nveletl to an aluiuinuni Imli riding on a steel sleeve tui the crank.shaft. 
Hie cam is mlalecl at 'h iraiiksliaft s|K*eil in the o)jpc»siic direcli‘m hy a 
|Miiii>n fill the cam and magneto drive shaft, ‘riie cam followers arc of the 
coin ciitKiiial roller type aiul operate in cast iron (j4 series) or forged steel 
iuishings ( |5) which area pusli fit in die imermcdiate section ca.sliiig. The 
apjier ends nf the followers contain hardened steel siK'kct.s into which the 
lower push rod halls lit ami in the low er emis are ndlers which ride on the 
cam. The Miulel J4A am) J4II push rotls are e(|tii]ipcd v\ith a ta])pct clear¬ 
ance adjustment mi tlic upper emI. while those t»f the Model J5 arc jdain 
pieces cd sjiec'ially heat treated tiickcl steel tubing with halls jirc.sscd into 
either end. The J5 iijijier halls fit into hardened .steel cups which are a loose 
lit inside the taiijict clearance adjusting screws. The J4A ami J4U rocker 
'•rnis are carried in foiked sniijmrts id forged steel. 'I'he J5 valve gear is 
'eini-encloscd. the rocker arm hmising also fi)rnMnR the suj»pi»rt for the, 
'dicker arm pin. Tubular steel push rml Inuisiiigs are fri.stencd at one end 
* tlie intermediate section ami to the rocker arm lumsing at the other. 
I'ressicd alum mum covers are used on the rocker arm housings. The J5 
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cylinder and valve ^car disassembled is clearly shown al Fig. 566. 

Connecting Rods.^The connecting rods consist of one master rod and 
eight link r(»ds machined from chrome nickel steel forgings. The master 
rod is provided with a steel backed babbitt lineil bearing while the knuckle 
and wristpin Inishings of the link rods are <»f bronze. i*he photographs at 
Figs. 5S5. 556 and .Vi7 sh<iw the relationship between the parts very clearly, 



Pig. SSa.—View of Accessory Drive of Wright “Whirlwind*' Engine, also Location of 

Oil and Fuel Pumps. 













‘‘WHIRLWIND** J5 CYLINDHR CONSTRUCTION 


llGl 


the last mentioned having two link rods in place on the master rod. 

Pistons.—The Mode! J5 pistons are of the conventional type cast in 
aluminum alloy. I'he insi<]e of the head is heavily ribbed to obtain in¬ 
creased strength an<l to improve the cooling. There are two compression 
rings and one oil scraper ring above the pin and one compression ring at 
the bottom of the shirt. A groove around the piston just below the scraper 



Pig. Se3.*»Cut Away Section to Show Conitruction of Wright ‘‘Whirlwind’* J5 

Cylinder, 

ring and holes drilled through the wall return the oil to the inside o! the 
crankcase. The piston skirt is provided with a series of shalltnv oil grooves 
to improve luhricatum. The Model J4A and J4B pislnus are of the same 
type, but without the ri!)S under the head or the oil grooves. The wrist- 
pins are of generous size machined from alloy steel stock and <»tl hardened. 
Aluminum alloy plugs in the ends prevent scoring of the cylinder walls. 
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Valves and Springs.—On Models J4A and J4R the intake valves are 
tungsten steel an<l are of the nmshrooin type, 'i'he exhaust valves are 
of the Uilij> type In Silclirome steel. The Model J5 intake and exhaust 
valves are holh of the luhp type and arc o( Knv lungslcn and cohalt chrumc 
(or high In Mg si en) steels resjice lively. 'I'hc exhaust valves on the Model 
J5 <are salt tilled and scaled at the lop vviih hardened idngs. Phe valve 
seats arc aniinlnr rings of alitininitin hroiize of rectangular cross section. 
'Phey arc first shrunk intt» the cylinder head and then the small shoulder 
)»rovi(lcd at the lop is rolled over Into an annular recess in the valve port to 
Ivild them positively in pl.acc. The valve springs (m the Models J4A and 
J4li Consist of (wo couceniric helical colls of round steel wire per valve. 
Pile Model J5 has tlirec sjirings per valve. 



Fig. jM.-^Crankihaft of J5 Engine Showing Relstionthip of Parts at Attcmbled in 

the Engine. 


Ignition.—lgnili<»n is furnished hy tw«» Scintilla AGOD magnetos 
mounted on ihe front section of the crankcase as clearly slmwii in cut away 
view at Fig. .SCi8. 'Phe right-hand niapicto fires the front sjiarkplugs (top 
plugs J4A) and the left-haml magneto fires (he rear sparkplugs. The 
wiring is of the heavily Insulated high tension type and ts largely enclosed 
in metal tuanifolds. 

Fuel Pump.—The Wright fuel pump is of tltc Viking internal gear type 
as shown at J**ig. 'J'his consists c»f an engine tlrlven internal gear 

meshing with a contex gear which rides tm a jiin fixed in the ptinij) cover. 
A crescent shajjcd hoss on the cover fills the s]»aco l^etween the two gears 
op]K*sile the point of conlact. Fuel is taken in at ihc connection on the side 
near the pressure relief v:dve. carried around in the gear 270 degrees and 
disch.irgcd through (he ctninectum near the hy^mss relief valve. The pres¬ 
sure relief valve, which Is covered hy a donie<l cap. can he adjusted to give 
<any desired pressure in the discharge line. It consists of a plunger valve, 
a sjjring, an adjusting screw and a lock nut. The excess fuel coming 
through this valve comes out of the connection between the bypass relief 
valve and the mounting flange. (This connection can also he made at the 
opposite end of the same passage.) A bypass valve l>etwccn the inlet and 
outlet passages enables the operator to pump fuel to the carburetor with 
the hand jmmp without forcing it through the gears. It is covered hy a 
flat brass cap. The Stroml>erg NA-U5G carburetor is used on the Models 
J4A and J4M. It is of the double larrclled type and et|ui])ped with a me- 
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rhanical economiaer. The NA*T4 three barrelled carburetor is used on 
the J5 and will be fully descrUwl later in this chapter. 

Induction System.—The carburetor is fastened to an oil jacketed mani¬ 
fold at the iHittom of the crankcase main section. In the case of the double 
barrelled carburetor this manifold splits the two .streams of vaporized fuel 
into three, and for the three barrelled carburetor it provirlcs three un¬ 
broken passages as shown at Tipr. 561. '!'hc rear of the crankcase main 
??cction contains three annular rinj;s, each of which supplies fuel to three 
cylinders thnmjjh steel intake pipes. The fuel is fed into the three rin^ys 
ilirouph the hraiiches c»{ the manifold <lcscril>cd al>(»ve. As nj>scrvcd from 
the rear of the cnp'inc the left-hand passage supplies cylinders 2, 5 and 8, 
the middle iiassa^c supplies cylinders L 4 and 7 and the rif;ht-hand pas- 
saffC sujJidica cylinders 3, 6 and 9. 

n" ' ■■ 



Fi^. 5GS.—Rear or Acceuory Drive Section of Wright JS Motor Disassembled. 

Lubrication System.—The lubrication system is of the full pressure type 
except for the c)dlndcr walls, wristpins and acces.sories drive pears, which 
are lubricatctl by splash. Oil is carried in an external tank, not furnished 
with the engine. The oil is drawn fnmi the luJltom of the tank by the pres- 
i^xxTc pump and delivered to the annular prtHuc around the rear (plain) 
crankshaft hearing at which point it enters the crankshaft. The crankshaft 
is drilled to sut>ply oil to the cuimcclinp r<»d crnnkpiii hearing, to the cam 
hearing and to passages near the fnmt end td the crankcase which lead to 
the magneto drive bearings. Holes through the connecting rod bearing 
shell convey the oil into j>nssages which carry it into the knuckle pins and 
thence to the knuckle pin hearings. The various gears, shafts and bearings 
••I the crankcase, rear siTli**M. are lubricated by oil which spray.s from the 
rear crankshaft hearing. Passages in the front Kfclioii lead oil to the cam 
drive shaft and magneto shaft hearings, the spray from lhe.se and the cam 
i>earing being utilizetl to lubricate the gears and valve tappets. Cylinders, 
pistons and jiiston pins are lubricated by .spray from the crankpin bearing. 
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Rocker arm pins are provided with “Alenule” grease gun connections. 

Accessories.—The crankcase rear section -is fastened to the rear wall 
of the crankcase main section by five studs and two bolts. It contains the 
oil pump» oil strainers* oil pressure relief valve, fuel pump, gun synchro¬ 
nizers and the starter mounting pad. The photograph at Fig. 565 shows the 
rear section completely disnsseinlilcd with the i>arts arranged to show their 
relationship to the as.HCinhly. Similar illustrations of the fuel and oil pumps 
will he found at Figs. 570 ami 571, the latter showing the parts of the Viking 
fuel pump. 

The crankcase rear section as shown at Fig. 561 is provided with a 
standard Army and Navy starter p«id. Any one of several types of starters 
can he supplied at the option of the customer. 



Fig. 566.—Wright Model JS Cylinder and Valve Gear Disaasembled. 


The Wright Hand Starter was <»f the worm type with a gear ratio of 
six to one. (It was alsr) sitppHed with a fifteen to one ratio fi»r larger en¬ 
gines.) Running through the starter i.s a splined shaft, one end of which 
fits into the engine crankshaft. The other end holds a spring loaded clutch 
and a bronze housing carrying on one end of the starter worm gear, which 
engages with a worm on the hand crankshaft. The .starting magneto, which 
is an integral part of the device, is also driven by the starling crank through 
gears. In starting, the \v4»rm is brought into contact with the worm wheel 
by pushing on the small rod f>eside the starting hand crank. Turning the 
crank then brings the worm into full engagement and further turning 
rotates the engine crankshaft. When the engine starts the worm is thrown 
out of engagement and slides along the cranking shaft to an inoperative 
position. The disengagement of the worm does not throw the starting 
magneto out of gear so it can be kept in operation by turning on the hand 
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crank until the engine has picked up enough speed to fire regularly on the 
running magnetos. The starting magneto is designed to operate in con¬ 
nection with a “trailing l>rush” on the running magneto which gives a 
greatly retarded spark, reducing the pc»ssibility of a “kick back” to a mini¬ 
mum. Should this occur, however, the engine and .starter are protected 
against damage by the clutch which i.s designed to slip in such an emer¬ 
gency. An external ratchet on the cranking .shaft positively prevents the 
crank (nun turning backwards. .Ml parts arc thoroughly lubricated by 
pressure fce<! from the engine oiling system. This starter is no longer 
suiJplled so the desiTiption given is inlcn<lcd to apply to those forms which 
have been produce<l heretofore. 

“Whirlwind” Engine TroubJes.-^Dctcnnining the cause of engine 
troubles Is ut times rather involved on account of the number of sources 
tn which a given symptom may l»c atlrihulcd. The best mctluid of “trouble 
shooting” is to first dcci<le on the possible cause.s an<l then eliminate them 
one by one. starting with the uinst likely. This talde c»f the cr)nimonest 
1 roubles and their causes is submitte<l to the service men with the J)bject 
i»f reducing \vaslc<l lime and increasing the reliability of the “Whirlwind” 
engine. 

If Engine Fails to Start it may be due to any one of the following 
causes:—1. Lnvk of PhcL ^‘xamine fuel su]>ply. .shut ofT cock.s, trajjs. strain¬ 
ers and ho.se connections. 2. IhiHcr Priwinff or Orcr VrUmng. See instruc- 
tIIIMS oil starting, .b P»o<istcr Slotjocto Examine and test the 

starting magneto. 4. ThrotPi' Opt'nmg Jucorri'ct, The throttle should be 
approximately oiic-eightli oiien while starting. 5. Pcfccthc Ignition Wire. 
f^samine igtiilion wiring for wear, breaks and incorrect connections. 6. 
Pirty Sparkplugs, Check sparkplugs for proper functioning. Clean and 
set gaps (H.(j.. .Ol.^dnch; A.C., .OiO-inch to .025-iiu*h)« 7. Incorrect Valve 
lappet Clcarnnce. Check the valve tappet clearance. 8, Incorrect Tuning. 
( lieck valve and ignition timing. Ji'ater in Carhtrelor, Kemove a plug 
from the l)Ollinii of the carliurel(»r and drain out gas and water, 10, Co/d 
Oil. With the ignition switches «»IT, turn the engine over hy hand. If it is 
very stiff it will be necessary to heal the oil before starting. 11. Magneto 
Ihrakcr Points. See that llie magneto breaker j>oiiits are clean and have 
the proper gap (.Oli-inch). Test s]>ark delivcTt<l liy magneto. 12. MisceP 
hineous. ICxamine the engine carefully for unusual conditions, turning over 
slowly by band. 

Low Oil Pressure or none at all may l>c caused by:—1. Lack of Pnm- 
ing. Disconnect the oil suction line and fill the pump with oil. Turn engine 
over by liaiul until oil is .sucked into pump. Check oil Riip])ly. 2. Leak in 
Suction Lines. Exatnine the oil suction lines for air leaks. X Dirt in Oil 
Screen. Remove and clean the oil strainer. 4. Oil Pressure Relief Valve. 
Examine the oil pressure relief valve and spring for proper seating or 
breakage. 5. Cnn SyneUronhers or Starter Dog Removed. The gun syn¬ 
chronizers are on the main oil. line and if removed should he replaced with 
dummy parts (No. 18,K2H). The same is true of the starter dog which 
should be replaced with part No. 19.987 and the retaining screw (JS No. 
19.712 or J4B No. 17,177). 6. Crankshaft Plug Out. Remove a cylinder and 
examine the crankshaft plugs. 7. n.xcessh>e Rearing Clearance, A bearing 
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may he worn cnnug^h u* cut down the pressure in which case an overhaul 
will ht* lUTCssfirs. 

Crankcase Filling with Oil is tisiinlly caused hy lack of priming in the 
discharge pump. I >i.sc<inn{Tl the main discharge line from the engine and 
put on ik two hmi length of garden hose. J'*eed oil into this hose while turn¬ 
ing the cugiuc luickwards until a (juart or s«> has been sucked in. Check 
oil pumps, strainers and lines for failures or 8tu]»pages. 



Fig. 567.^Master Connecting Rod and Link Rods Showing Method of Locking 

Knuckle Pins in Place in J5 Engine. 

Engine Runs Unevenly and docs not come up to power. The full throttle 
speed of the engine will \ary 75 to lOO r.p.m. under tlifferenl atmospheric 
conditions. It will also vary considerably with the condition of the pro¬ 
peller. Therefore the engine .should not be considered low on power unless 
the drop in speed is excessive under similar conditions. Low power and 
uneven running may be traced to any of the following causes: 

1. or J.can Mixture, Make sure the mixture control lever is in the 
l>est positi(»n. 2. Leaks in huiuefion ,Systein. Ivxamine the intake pipes for 
cracks and for leaks at the cvlindcr ami crankcase connections. Examine 
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he carburetor and manifold 6an^eR for tightness. Examine pipe plugs in 
Vtinder inlet ports to see that they are all tight. 3. Sparkf>lugs. See that 
J1 the sparkplug.** are clean and that they have the pro]>er clearance. 

4. Valve and Vah*c Gear Trouble. Cheek valve tapj)Ct clearance, springs, 
washers, nx'kers arms, and push rods. Be sure the push hkIs on J4 series 
engines have nf»t Iwen inlcrchangc<l. The cam followers nearer the pro- 
jx'ltcr operate the exhaust valves. See that the valves arc not slicking, 
5. Poor Pvel. Make sure the fuel being used is a g<H«l grade of domestic 
a\iation gasfilinc and that it flows freely to the carburetc»r. 6. Magneto 
tU-eaker Points. See that the magneto breaker jxjints .arc clean aiul have the 



Pig. 566.«—Cut Away View of Wnght J5 Bnpne Magneto InetalUtion and Cylinder and 

IHgton Conetmetion. 


I'lnpcr g.ijj (.0J2-incli). Cheek <iperatl<»n of luagnclos. 7. P.ii<jinc Orrr- 
ht'nhng 'I'lii.s may Ik; caused by items 1, 2, 3, and 5 alswe. It is easily 
n nkguized by the fact th.at the engine will run at injnnal s)»ccd just after 
I'ding and will then slowly fall ofT. Omtiniicd running of an engine ex- 
hi luting this symptom is liable to cause considerable damage so an investi- 
t’ntam of the cause should be started immediately. Other causes are im- 
! Toper cowling, excessive air temperature, thin oil, and insufficient oil 
'•noling. 

It has been noted that a large number of airplane manufacturers do not 
a shut-<»fT cock in the primer line near the Lunkenheimer primer 
'iriiishcd with the engine, ll is then possible for raw gasoline to be sucked 
to the engine causing roughness of ojieraiion. It is also jH>ssib]e fur the 
h akage to be severe enough to cause dripping at the carburetor. The shut- 
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off cock should be installed m the line near tlic primer and should he pro¬ 
vided with a riffht anj^lcd handle which in the ‘ofT** position will extend 
across the primer handle. 

Excessive Oil Temperature may l>e caused by:—1. Insuffirienl oil cool- 
ing. 2. Insufllricnt oil supply. There shtuild he at least two gallons oi oil 
in the systcui. 3. l.ow gru<k oil. See that the oil being used is up t(» speci¬ 
fication. 4. Suction pump failing lo scavetige oil properly from crankcase. 
Examine all oil lines for leaks. 5. Overheated Hearing. If the tnuible is 
n(»t found after an investigation of 1,2 and 3, a bearing may be overheating, 
in which case a dlsasscnildy will he ncccss^ary. 

Carburetor Leaking.—because of the fire hazard the engine should not 
be run if the carburfti»r leaks gasoline excessively. This may he caused hy 
Leaky float. 2. Stuck float. 3. Hinir seating oi needle valve. 4. Wear o\ 
float fidcniin pin. In any case the carburetor should be removed and 
checked ()ver. If the float has been leaking the gasoline shoulil be removed, 
the hole soldered, and the float immersed in hot water to test f«»r tighlnesv. 
The needle valve .scat slumld l)e reim»vcd the valve lapi‘ed in with fine 
compound and the assembly tested for tightness and float level. 

Cold Weather Cautions.^Undcr unusual weather conditiims it may 
become necessary to adopt some mcthiMl <»f heating the air entering the 
carburetter to prevent the forniaiion of ice at the ch<»kes. Wright Air Heat¬ 
ers No. 13,732 (J4b) and No. 13.K28 {}$) have \wvx\ found very snlisfactt»ry 
for this purjKise. Due to iltc wide variation in engine installation re<[uivc- 
inenls these heaters are furnished with<uit pljic cotui(*ciions. In extremely 
cold weather it will l>e necessary to preheat the <»il before starling. A great 
deal nf time can be savctl by draining the ml fr<ini the tanks as soon as 
o))cratinns (or the day arc conclndetl and before the oil has c<«ilcd off. If 
left In the tank over night it may become so viscou.s as to require consid¬ 
erable time to drain off. In cold weather it is alscj advisable to have sonic 
sort of lagging on all the external oil lines, especially the drain from the 
intermediate section to the sump. This will result in liigher oil tempera¬ 
ture at cruising speed and will decrease the danger (»f stoppage clue to con¬ 
gealed oil. A layer i>f asheslo.s cord, shellacked and then wrajiiiecl with 
friction tape providc.s very gcHKl insulation. Lacking asbestos, several 
layers of ordinary packing cord can he used. 

Inspection Routine.—In order to obtain maximum reliability and serv¬ 
ice from “Whirlwind” engines a regular schedule of inspections and over¬ 
hauls should be maintainc<i. Serious failures verv idten arise from minor 
causes which a few minutes insjxjction could have averted. The following 
schedule is suggested. 

Daily Inspection.—Every flying day the fon<»wing inspection should be 
made. Check all cylinders, one at a time in firing order (1, 3, 5, 7, 9, 2, 4, 
6, 8), as follows: 

Models J4A and J4B.—1. Docs clearance between rocker roller and 
valve stem, on comj>rcssion stroke, seem normal? 2. Arc nickers free on 
shafts and lock wires secure? 3. Are nK*ktT ndlcrs free ami lock wires 
secure? 4. Are valves free in gtiidcs? 5. Arc valve springs and valve spring 
retainers intact? 6. Arc rcH'ker support b>ck nuts tight and are rocker 
rollers central on valve stems? 7. Are sparkplugs tight? 8. Grease rocker 
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'haft with Alemite jnin usin^ aitt<imobile transmission oil. 9. Oil rocker 
rollers with online oil. 10. Arc if^nition terminals secure to wires and 
|)lugs and is insiilatitm on wires intact? U. Is compression normal? 

After all cylinders have been checked proceed as follows:—12. Are car- 
huretor and earhurci«»r manifold ti^lil at securing flanpes? 1.1. Arc fuel 
tanks filled? 14. Is oil tank filled? 15. Are inaK^i^'to ground wires secure? 
16, Are thr<»nle. mixUtre and magneto cc»n(rols free throughout their 
range? 17. What is full throttle r.jini,? 18. Is engine o)>eration good on 
cither magneto? VI \N’hat are «nl pressure and temperature? 20. What 
is gasoline pressure? (Should he twn-fonr prmnds i>cr s^juarc inch.) The 
daily insiiectuiu of the M<Klel J5 engine slumltl inclu<lc items 7. 8 and 10 to 
20 inclusive. 

Twenty Hours.—After every twenty hours of flight the valve gear 
should he <lis.i.sseinlde<I and insjieeteil ;is follow.sAhiilels J4.\ and J4B. 
I. Kemovu ]ni.s)) rods uixl examine halls .hiuI l>al1 .stn kct.s for wear. 2. Grease 
sockets in ns kers, X 'I'liriisi lower hall ends of push ro<ls in can of heavy 
grease and replace the roils in their projier sockets, 4. Make ci>mpletc in¬ 
spection as outlined for each (lying day. 

Model JS.— I. Kcimivc the rocker Ik»x covers ami make a check of the 
amount <d niohon of the various tmrts. If the lap]>et clearance seetuft 
lu^nnal it should not he disinrhed. If any ]mrt seeiU" to have too much 
motion, or if (he ta)>pct clearance is cxces'^ive. the rocker arm and jnish rod 
shtmid he reuioveil and tin* cause <!elermined. C heck the oiTendiiig part 
against the m.iNiinnin alhiuahle clearance as indicatetl in the charts Pigs. 
57.1 and 574 ami replace if this is excee<led or if in the <»pinion of (he operator 
It seems ativisahle. The figures ilial are undcrliiied iiulicate maximum al¬ 
io walile clearance due Ut wear he hire the part ninst he replaced. 

After the valve gear has heen ins|icetc<l. rejiaircd and re-asseml)lecl the 
following items sltrndd he checked (all ”J” series models except as n('ted) : 
—1. On 14 .senes engines check clearance IxUwecn rocker rollers and valve 
stein.s with feeler ami reset to .010. l*.c sure adjusting hall and lock nuts 
are light- 2. Are sparkjdug iwrnts clean and arc ga))s set at proper clear¬ 
ance ( (»20-iucli U* .02.viucli for A. <\ I'lugs; .01.5-inch for U. (i. Pings). 

Arc nuts on inlet )upe ni>per fl.anges liglil? 4. Are inlet pipe jiacking nuts 
Mght? 5. Are cylinder hold down mils light? 6. Are fuel strainers clean? 
7, Are fuel lines and c<niueclioiis secure and free from leaks? 8. Is lock 
nil gasoline pump pressure adjusting .screw secured? \K Are oil strainers 
clean ? 

10. Drain the old imI from the tanks and lines and flush with kerosene 
until perfectly clean. (Do not use kerosene inside the engine.) Replace 
the lines and put two gallons of clean oil in the lank. Run (he engine for 
twenty minutc.s and (hen drain out all the oil again. Replace the lines and 
lill the lank with clean oil. Great care should lie taken to see that all the 
oil lines are replaced pr<»pcr]y and (here are no air leaks. Small air leaks 
arc apt to interfere seriously with tlic proper functioning of the lubricating 
".vslein. 11. Oil tanks should he drained ami filled with fresh oil. 12. See 
that hand turning gear is well lubricated. 13. Are engine mounting l)o]ts 
tight? 14. Docs each magneto get full advance when operated from cock¬ 
pit? IS. Are inagnetu breaker points clean and gaps set at .012-inch? 16. 
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Are i iicli* cnnj>liii^s in ifootl condition? 17. Put four (lr<H)S of medium 
machine oil in rear magneto oil holes. Kill fnml holes. 18. Are propeller 
huh lock nuts and pr<ipcllcr hiil) l^dts tight? 1^. Check the clearance be¬ 
tween the rear of the rcn kcr boxes and the c^^linder heads and make sure 
it is .O^ldnch (ICngine col<l). While this dimension should not vary it is 
extremely iiiiportaiil and should he checked carefully. Incorrect clearance 
is very apt lo result in failure of the rcK*kcr Ixix studs. 

It is a<lvisahle U* run the eugim* at j^art throttle for at least }4 or 
heuir tu'icc a week in order to keep inleri<»r parts (lushed with oil. 'I'his 
M'tll prevent the vajH»r due to conclensation in the crankcase from rusting 
steel parts. 


Complete Overhaul.-^U is suggested that the ciuupression. as luded in 
Item 11 of the <laily Inspection, he checked very carefully <»ii each c)dindcr. 
As so<»u as one is found tri he lou it should he removed, the valves te.sted 
for leakage and the justou rings checkei! for teusiini. The valves should 
he ground and the jnstou ring.s replaec<l when necessary. In this manner 
the engine can l»e kept up ti» pimer and speed, it is sonictinics very dilli- 
cult to distinguish between a valve which is leaking aivl one which is 
being held open by a hit of dirt nr carUm on the seat. The <»nly way to 
check this out is to run the engine for several minutes and then try the 
comi'ressii>n again. Ksperienre with ‘’Whirlwind'* engines in service has 
indicatetl that (he length of the period iHUweeii <»vcrliaiils is limited hy llic 
tendency <jf the Inhncatiug system to hll up with sludge. This is com¬ 
posed of gnms formed in Imrning the Inhncaling oil, carbon, lint and 
substances taken mtti llie engine through the carburetor or breathers. 
After 200 lionrs of ser\ice (he acctimukilhm is likely to becoine severe 
enough lo pliig^ v\* one c»f the jias'^ages resulting in the seizure i»f the bear¬ 
ing whose (mI suiii)ly is cut off It is therefore ree«niiineiulo<l that “Whirl¬ 
wind** engines l>c given a eomidete iwerliaitl after every lumrs of service. 

Disassembly and Inspection.—AficT reimw ing the engine from the ship, 
mount it ou a tilting stand as show n at J**ig. 577. 'l*he Wright Aeronautical 
Corporatimi cannot su]»p]y this stand but will. n|Km aji(>licalKm. supply (he 
name id the manufacturer ainl blue (irints showdug the changes wdiich must 
he made li» adojit it to the “Wlurhvimr* engine. If ime id these is ntd 
availahle a stihslilute can Ik* made by htdling the iron mminting plate from 
the sliip(»ing to a suitable wiwitlen .staml or the eng'ine can be left 

mounlecl in the ship. J )i^as^emf^lc the engine in acconlauce with the in¬ 
structions that follow. As each (art is removed it slionld be washed in 
gasoline ami placed i»n the in'«|>cction l>encli. 'I*his should la* located near 
the disassembly lliM^r ami where it will receive a gi>o<l snjiply of light. A 
drop light is very handy Utr insi>ecling the cylinder bores and valve seals. 

A service tool kit -slKwvn at Kig. 575 is furntshed with each engine hy 
the mamifaclurcr. 'I’his contains Imds sufficienl ffir tlie general servicing 
of the engine and slumld be carried in the plane fi»r iisc in emergencies. For 
completely disa.sscnihling and reconditioning the engine, a numl^er of spe¬ 
cial tools arc absolutely essential. I'hcse. with others which are not essen¬ 
tial hut arc a great c<»nvenictice, are slmwn at Fig, 576. A repair depot 
handling any great number of engines should l>c equipped with a complete 
set. The following instructions for disassembly arc presented in as great 
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.Retail as space permits. In the event that any |Knnt seems ol)scurc» it is 
Miggcsted that reference he made lo the sectional views of the engine at 
I ’lgs. 561 and 56J. 


l^Propeller remove tl»e propeller 1nd> nse wrenches WA-110 

and WA-lll which will he found in the service tend kit acccimpaiiyiiig the 
<‘ngine and shown at 575. After removing the colter pin. hack i)ff the 
Milter or larger nut three full turns. Then hack idT the inner or smaller 
Milt until it brings np against the outer nut. Holding the iuuer nut with 
ilie wrench ns shown at Eig. ^7X tighten u|> on the outer nut until the hn!) 
roines loose. It can then he jmlled *»ff by hacking off on the inner nut. 
\fler removing tlic huh. the inner nut shoiihl he rcijlaced <mi the crankshaft 
Im avoid (lie pos«iihilily of damaging the t!irea<ls. In hKtsening the nuts and 
the huh. it will he necessary to um* considerable forc<'^t)iree or four Mows 
willi a lead hammer are usually rei|uire*l us al Kig. 577. 





w.. - 




WRIGHT 
WklHwlnd E^lM 

Fig. 569.»Fuel Pump Construction and Clearances of "Whirlwind'* Engines Models 

J4A. J4B and J5. 


2~Ignition System.—After removing the wire terminals from the spark* 
plugs, loosen the ehi>s on the tmsh rod housings and intake pipes and free 
ilic ignition wires. It is iu»t necessary to remove the clips. Kcinove nuts 
holding the wire manifold t<» the intermediate section. Remove the oil 
'Irain pipe running from the intcrniediale section to the oil sump. Discon¬ 
nect the magneto advance rods hy tinscrcwiiig pin from magneto advance 
• ver. Withdraw the magneto cimpling cotter pin and disengage the 
Hupling. 'Fake out the four screws holding each tnagnelo ti> the bracket, 
I'ree magneto from dowels by striking lightly with the hand. Lift off 
"lagneto and ignition wiring assembly cutnjdete. 
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3— Carbur«tor.—If ii has roi already been clone, remove the pipe run¬ 
ning from the oil sump to the oil ptunp and the main fuel line. Remove 
twelve nulK luddiuR manifold to crankcase anti withdraw carburetor and 
manifold. 

4— Priming Lines.—The priming lines should he taken off hy removing 
the studing mits on the various fittings. 
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Fig. 570.—Parts of Oil Pump of Wright J5 Aviation Engine. 


5—Cylinders.—When an engine is to be given a complete tear down the 
following rule should be strictly adhered to:—The No. I cylinder should 
be removed last. Failure to do this and lack of proper care will result in, 
broken piston rings, broken pistons and possibly injured cylinders. The 
reasons for thi.s tvarning and the proper precautions when it is necessary 
to make an c.\cepti<»n to the rule are discussed later in this section. The 
aluminum plugs in the “Whirlwind" and “Cyclone" engine knuckle pins 
are a prc.ss fit in the pin and should not be removed unless absolutely nec¬ 
essary. It is necessary to use a new part In replacing the plug in order to 
obtain the required tight fit. 
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Whirlwind J5 Cylinders.—Remove all spark|»1ug^ and rotate the crank¬ 
shaft until the piston of the cylliuler lc> l>e removed is api)n»ximately on 
top center. Remove the three screws holding the intake pi]»c fl.intjcs to- 
ijcther. loosen the intake pipe packing niit in .the crankcase (use tool WA- 
Ji5) shf»wn Ht J'^iff. 576 and remove the intake pipe. Kemove two mils 
holding down the push rod housing jmcking flange, lock mils and cylinder 
liold-flown flange nuts. Rock the cylinder gently frtiin si^le t*> side and 
remove hy pulling straight rnitwanis. Dc careful that the piston does not 
>\ving over against either of the adjacent cyhiulcrs and that the jin.sh rods 



f^ig. S71.'~Wright J5 Fuel Pump DiwsembUd to Show Construction of Parts. Com* 

pare this with Assembly Drawing at Fig. 569. 

•»r rocker arm cujis do not fall out of the housings. As soon as a cylinder 
removed the piston shimld also 1>c taken off to avoid injury in suhsequent 
•operations. To di.sassemhic the valve gear proceed a5 foIhiws:-^Take out 
die two scrcw.s on toji of the rocker arm housing and remove cover, Re¬ 
move colter pins aiul castellated nuts from rtK'kcr arm pins. ’Hie.se are on 
die <jntsidc ends of the pins. With a fihcr i»r hras.s <lrjft, tap the pins out 
of the housing towards the center of the cylinder. 

Kor removing the valve springs and washers some sort of a jig to hold 
• fie valves in jdacc is handy. Thi.^ can easily he made from two pieces of 
W(xjd, one as a base with the other piece (10-inch hy 4-incli by 1-inch) 
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Fi|f. 572.»Location of Oit Pressure Regulating Valve of Wright J5 Engine Shown at A. Second Scavenger Pump Screen Poaidoa 

Shown at B. Main OU Strainer and Scavenger Pump Screen Location Shown at C. 
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nailetl to it at right angles. The latter should 1)C trimmed so it will bear 
lightly on the valve heads when the cylinder is jdaced on it and the lx)ttom 
oi the sleeve rests on the base. After plactng the cylinder on the jig, place 
valve spring UmjI WA-JJf) in position ns shown at h*ig. 57‘>1» ami slip a rod 
through the hides in the housing and the tool. Raising the handle of the 
tool, depress the vahe spring imtil the split locks can he <iiscngaged. Take 
off the tool and remove the valve springs and washers. Ihiscrcw the two 
nuts located inside each nicker box ami reimwe jutsh rod ami rocker arm 






WRIGHT 
Whirlwind EoftiM 
Model J«5 
CUaranc* Dra%ving 

(Vftlw Ro^fr 


Pis. 573.—Valve Rocker and Tappet Section of Wright Model J5 '"Whirlvdnd** Engine 

Showing Clearances. 

I«nisiug nssetnldics. Do not disccmncct the pii^h rod and rtickcr arm hous- 
^Jig assenihltes unless necessary. Take off the wire lcH*k rings located near 
the top 01 each valve stein. Ilolding the valves with one hand take the 
‘ ylimler off the jig and place it in a horizontal ptisition on a bench. Remove 
alvcs. taking care that they do mit strike the cylimlcr walls on the way out. 

Whirlwind J4A and J4B,—The order of pmeedurv in taking off the cyU 
aiders of the Miwlels J4A and J4H is the same, hut there is considerable 
•hfference in the detail. .After removing the sparkphiRs ami taking off the 
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intake pipes, the next siep is to remove the push rods, This is best done 
by settinfi* a monkey wreucli lo the pnij)er size to slip over the rocker arm 
and with this l<»rom])rcss the valve spriii^^. The push rod can then be lifted 
out. A ermvenient method of rcnioviiij; the mrls is to first perform the 
operathm on the cylinder which is <in the compression stroke and then. 
rotaliiiK the crankshaft. folUov the firing: order (1,3, 5,7. 2, 4, C, 8) around 

the engine. 



Wbirlwind Engine 
ModeU'5 


Clearance Drawing 

(CtB V«lv* Ttpp« ImM 


Pig. 574.—Clearance Drawing of Cam and Valve Tappet Lower Section of Model J5 

Engine. 


The C3'tindcrs ran tlicn lx* removed, proceeding as with the Model J5. 
In disas.senihliiig the valve gear the same sort of jig described lor the Model 
J5 an<l sh«»wn at Fig. 57*>A is iicccssar\'. IMacc the evdinder on the jig and 
insert the slotted end of t<»ol WA-79 under the shoulders of the rocker arm 
support. When the other end is pressed dim'ii. the end of the valve will 
project up thniugh the round hide in the Usd and the locks can be removed. 
Proceed as before in removing washers, spriug.s, lock wires and valves. 

If the wristpins are a drive fit when cold they should not be removed 
until the piston has been heated wdth hot water or steam. They can then 
be driven out with a fil>er drift. Failure to heiit the piston first may result 
in serious injury U* the piston 1x>sses and th^wristpin plugs. 





STEPS IN DISMANTLING ENGINES 


1177 


To Remove the No. 1 or Top Cylinder without first removing* the other 
cylinders proceed as follows:—Set the No. 1 piston on top <ie<ad center. 
Remove the intake pipe, the two nuts hoklinir down the pu.^'li r<»(] packing 
flange and the cylinder hold down nuts. Loosen the cylinder by rocking 
gently back and forth and pull slniight run. As soon as it is clear of the 
Studs slip the two roils \VA-281 into place between the master rod and the 
crankcase slud.s one on cither .side. This will prevent the t^kI from tipping 
Mile ways and consei|ueinl;i keep the lK>t|oiii rings on tlie N<i. 5 and No, 6 
pistons from coining ni> over the en<ls of the cylinder sleeves and hreaking. 
('he cylinder slioidfl he removed very carefully \Mtli a straiglit, steady pull. 
The re»assfnddy should he ^►f^fo^nle<l in the reverse order. 

Nose Plate.—T<» renio\e lln* ni»se plate, take olT the h»ck wire and 
with a .s])anncr nrench nus<rew the ihiiist hearing nut. Then remove the 
mils and washers anil pull oil the nose tdale. 

7— Crankcase Front Section.—‘l*he studs in the front nf the J5 crankcase 
m.'iin sectiiHi e\leml through the inteniiciliale anc] front sirlions holding 
the three 1 <»g<*llier, nhile two sets of short studs perfonii tlic saiiu* fiinetioii 
on the J^lk Renii»\e (he nuts and jMill olT the front section. The front 
thrust lieuring and the sjuiccr on the crankshaft will conic (df with It. The 
sec lion can he louHened h> tai>)Mng light I \ on the lower eonier.s of the 
magneto hraekels with .i lead liamrncr. 'I'hc cam dri\e gear slionld then lie 
rermwed Tlii> is keietl to the crankshaft and sluadd he imticd otT w'lth 
tool \VA-J»U shown at I'ig. 576. The cam, cam spacer and oil sliiigcr can 
I hen he lifted idV. 

8— Intermediate Section—.\llrr reinovingthc nuts reach inside 

the crankcase with the lead hammer and tap hgditly on the hoiUmi of the 
intenncihalc section, 'fins section can then Ik: freed from llie main section 
and the roller Iveamig. 

^^Connecting Rods.—C ni all the lc»ck wires and remove the CHji screws 
and knuckle pin locks. Using UhA WA-HJ as shown at hig. 580 pull out the 
knuckle jmis. removing eacli rrul from the eiignne its pm is withdrawn. 
In using this tool first run the iiiit out to the head of the holt and tlien 
screw the holt ilowii into the pin at least m\ full lunis. h'ailnrc to do this 
may result in strijiping the threads inside the pin. Kun the lt»osc nut down 
until it seals on the puller IhkIv and turn up on it with a wrench, willulraw- 
mg' tile pin. 

K^Master Rod.—With the l(*ng haiulleil socket wrench (\VA-189) used 
a.s slum 11 at Tig. SSI take tail (he four master rod clamping screws. Tap 
on the master rod until the two parts separate and can he removed. 

11—Crankshaft,—l>o not uniler any circunislances rciiuwc the crank- 
sliaft counterweights. If this is necessary the crankshafl should be re» 
turned to the factory where the assembly can be properly balanced l>eforc 
using again. 'I'nrn the motor over until the crankshaft is tn a horizontal 
I'osition and pnn'oed as fi»fl<»ws:—Unscrew mils and remove starter. With 
a screwdriver take nut the screw which will bo ohscrve<l in the center nf 
the starter dog. Lull »Mit the starter dog'. Pull out the accessories dri*'c 
gear using tool WA*]09. The crankshaft will then he free and should be 
removed by pulling straighi out through the front of the crankcase. 

Take off the nuts holding the rear section to the crankcase, not for- 
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fctling the one at the lx>tlom 1>ehind the oi) strainer, and remove the rear 
section. Remove four nuts and pull off fuel pump. Keinove four nuts and 
pull off oil pump. Remove four nuts on each* and pull out the ^un synchro¬ 
nizers. To disa.ssemhle the fuel pump remove the four castellated nuts and 
take off the cover. 'Phe two ijears can then he removed and inspected for 
wear. Remove the two valves and see that the seat.s are in ^imhI condition. 
The photog^raph at 571 shenvs a fuel pump disa.ssnnhlcd. '!'<» disas¬ 
semble the oil pump remove the four h»nf;f Ixilts Inihliii^ the four sectuins 
together. Remove the four screws holding the taclmnietcr drive lumsing 
to the oil ptiiii]> cover. K.vainine all gears and housings for wear. The 
photograph at h*ig. 570 shtiws an oil |nun|» dis4isscmlilc<l. 

Inapection.^When the disassemhiy is comj>letc and all the jnirts have 
been washed and laid on the liench a very careful iiisjuTtion should be 
made. This should consist of a general e.vimination fi»r signs of wear or 
failure and a check <»( all wearing part.s agninsl I be clearance diagrams 
shown at Figs. .^X4, 5X5 and 5X^i. 'Pho <(uesUoti of uhen a part should be 
replaced is one which oaiuiot be <fecl<led by rule an<l run si be left largely to 
the judginciil of the inspector. As a gunie iu tins work a list of the niaNi- 
mum allowable clearances for all wearing parts is given in underlined 
figures oil the clearance diagrams. 'Phesc figures rejircsent the greatest 
amount of liH»scness allow able before a given pari sbonld be replaced. This 
should not be construcrl to mean that any parts showing loss wear are 
satisfaclfiry, us the ajijiearauce very often has more o* »lo with a part’s 
condition tlian the aclua! dimension. They are snggi’sled as guides where 
looseness is the onlv crmsideration. When clearances are found to he 
in excess of thc»se noted by the iindrrlinmg an Invcstigalimt should imme¬ 
diately be started to dcliTmiiic the cause which very often traceable to 
tv car <»r failure id sonic i>lber part. *Phe jdston rings sin mb 1 be checked for 
tension by muasunug llic g;i]# bclnecn lwi» ccirres|Hmding |Miiuts on the 
ends when the ring is free. If this is less Ilian J.i-inch (he ring should be 
replaced. 

The crankshaft main bearings and tlinisi l^caring should be very care¬ 
fully ins]>ecled for wear i»r dclcrior.nlion. (‘lean each lienriiig thoroughly 
in gsisotinc and spin it. li.stciiing b>r any .sfuiiid indicating nneven nuiiiing. 
Hold the inner race in one hand and rotate the outer race slowly with the 
other. As each ball passes, ins|H*cl for cracking, cliif'jung or corrosion. The 
same inspection should t»c made on the races. It is ver) diriicult t<» make 
a good insiicctioii <»f a roller lieariug—the inspector .should be guideil 
largely by the snunithness of rotation and the amount of play. Roller 
l)earings are built with Mune end jday but sh<mld have very little radial 
play. Any bearing which is chipjied, cracked or corro<led» or which is 
excessively loose shoubl l>c discarded. 

If it is neces.sary t<i retdace the master ro<l main hearing or any of the 
articulated rod bearings It is of the greatest importance that the reaming 
be done accurately and the projicr alipunent obtained. This necessitates 
the use of master and articulated rod reaming fixture 'WA-224. If this tool 
is not available the rod should be returned to the nianufaclurcr for replace¬ 
ment of the ])art. 

The sjiarkplugs shoufcl all be taken apart and cleaned, Emery is a 



INSPECriNG “WHIRLWIND” PARTS 


1179 


£rr)c>d conductor of elerincHy, so emery clmh Khould never he used for this 
purpose. Use ^rnet cloth, sandpaper or a steel scraper. Set the gaps to 
.OlS-inch. (H. G. jiiu^s) hy la)>piug i»n the mitside end of the outer dec- 
(n«lc with a center punch and hammer. If A. C plugs arc being used they 
>b<mld be wasbtti in gas, clcanol in an air blast and have the gaps set at 
020“iuch to .025-iiich. 

Inspect the sparkplug threads in J5 C 3 dinders for signs of wear or 
picking up. The hriinze ImshingH were omitted in ihi.s design with the 
nka of itiijiroving the mnning conditions of the sparkplugs ami the tapped 
hole in the lieacl substilntecl. Care niiisl be taken in in.serling and remov¬ 
ing sparkplugs to prevent siriptung the ahniiiiunn threads. The idugs 
>|imi)d be selected fur snuMitliiie.ss ami proper lU of the threads and no plug 
uhich will Hot go ill wiihont nmlne bpreing should be used. 



Pig. 575.—Service Tool Kit Used for Top Overhaul of Wright "Whirlwind” Engines. 

'riic fuel ])nm]i shonhl be disassembled ami inspectwl for wear. The 
maxininin allowable clearances which are shown at Fig. 5(i9 are as follows: 


Tnicnial Kcar diafi in tvcaniig.Otkj" 

liilrnial near rii UIK' 

t\Hilc\ iivnt i»n Hiti.OW" 

P»nHo^ it> cover .(XU* 


keiuove the valves ami see that the seats arc in good condition. Lap if 
necessary. In.spect the tracking on the shaft ami replace if not in good 
• ondilion. Any gas leaking jiast tlii.*i goes into the crankcase and dilutes the 
'dl. 1'he Conte.x gear .should nut project aliove the eud of the interna) gear. 
Adjustment to the desired end clearance of .002-incli tu .0C4-inch can be 
made by varying the thickness of the cover gasket or» if necessary, by 









1180 


MODERN AVIATION ENGINES 


griniling either of the two gears. 

if their cunflitiuii warrants it, the cylinder valve seals should be cut, 
using the tools listed for that pitr^Kise. and the valves faced off in a grinder. 
They shouhl then he groin id and tested fur tightness with gastilinc. The 
type id stand illustrated at Eigs. 5K7, 588 and 589 arc very convenient. 



Replacement of Valve Guides.—If the valve guides in a cylinder become 
worn, all<»\vhig clearanres in excess of those noted in unilerlincd figures on 
the clcaratu*t* chart Fig. 57.^ it is advisable to replace them with new parts. 
By so doing the valves are hidd straight on their seats and loss of compres¬ 
sion, leaks and burned valves are avoided. The intake and exhaust valve 
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iTuides on Model J4A and J4B engines and the intake valve guides on the 
Model J5 engine are of bronze, necessitating the use td couuterhores in 
removing them. Set the cylinder up in a suitable machine and run the 
oounterhore through the guide, the pilot centering the tool and preventing 
injury to the cylinder. This leaves a shell *^i*inch thick which can be 
removed with cape chisel WA-207. Attempts to drive the guides out with a 
drift are very liable to end in their seizure in the U»sses necessitating re¬ 
placement with oversized parts. The J5 exhaust valve guide is of hardened 
tungsten steel and can l)C pulled out without danger <>( seizure. The guide 
iiMss should first be heated b»r several in mules nitb a blow torch applied 
ibr<nigh the valve j>ort. Then puller \VA-27.^ slundd he put on and the 
yinde removed. 



Fig. 577.—Removing Propeller Hub, Model }S Engine, First Operation; Using Special 

Tool WA-in. 

Method of Replacing Guides, J4A, J4B and J5.—(a) Inspect the hole 
from which tlic guide has been removed and measure its diameter with in- 
''idc calipers and a micrometer. The hole shou]<l he from .001-inch to .002- 
mch smaller than the guide which is used for replacement. It will usually 
found possible to use standard guides for replacement. Imt if tlte hole is 
'•'und to be mutilated or less than .001-inch hclow the O. D. of the guide, 
•m oversize replacement guble will be necessary, (h) If it is found nec¬ 
essary u> use an oversize replacement guide, the cylinder guide hole should 
be reamed to a diameter from .001-inch to ,002-inch less than the outside 
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diameter of the In other \vi*rd.s, a drive fit of from .001-inch to .002- 

inch is desired. The reaminu o]>cratums should l>c carefully Htme using the 
reamer pilot bushing WA'283, a.s it is absolutely necessary to hold to these 
limits. A tighter fit may break the cylinder and a hH)ser fit may allow the 
guide to come Utosc in service, (c) Insert in the new guide the special drift 
provi(le<l (see li.M below) and lighten drift nut. (cl) The valve gitide l>o«ses 
should he heated with a blow torch before driving in the guides, (e) With 
a wooden or rawhi<le mallet, drive home the guide until shoulder .seals 
firmly on cylinder. Reiimvc drift, (f) Ream inside diameter of gui<le with 
finish reamer to give a clearance cd .OOJ-inch to .(XWinch over I In: inlcl valve 
stem and fronj .OO.Vinch In .()05-iiich o\cr the eshaust valve stem cm J4A 
and J4H onginc.K. (g) The J.S intake valve guide shrudd hr reamed to a 
cleanauce over the valve stem of .OtW-inch to .0fl6-i«ch, (hi The J.*> exhaust 
valve guide is grtiund to si^e at the factory. The reaming operalinu is un- 
neccs.sary n« the guide will uol ccmlract when inserted in the cylinder. 

A contplcio list of tools ior the operation hdlous: 


T001.S 1*0R RKMOVINf; KEPbACIKt; V.M.VE CUiDICS IN 

J4A. )4\\ AND J5 (*YI.1KI>KKS 

J4A wd J4B 

InUkc rmiiUcrltc»rr. \VA 


Kxliaufil guide einintcrtiMic. 

Cylinder Kcntiitr iiaaki* biuI cnIiuusI unS* 
Cylinder Reamer intake aitd csliansi .011>* 

InKertiuff drift iiitakr. 

Iiiierting diift e’chaiiM. 

Guide reamer iiiiakr. 

Guide reamer cxli.nisl. 

ExhauM gtdde ihiIKt. 

Intake ffuide cmiiilrr)H*u*. 

Cape clii^el willi /a* liUdv. 

Cylinder reamer iniakr .tK»5" f»versi7r. 


MVrisi/r . 


• « 4 » • 


.. . \VA 

.WA 

. WA 

.... WA 

... .WA 

.... WA 

.WA 

... . WA 

.WA 

.WA 

.WA 


Cylinder reamer exhaiist 00.^* i»vcr*»i7e.WA 

Cylinder reamer intake .010* owrM/r.WA 

Cylinder reamer exii.-uisi .0111* overside.WA 

Pilot iMijshin*; ft»r rcamcr.s.WA 

Inserting drift iniake.WA 

In.serUng drift cxlwiisi.WA 

Gu ide rea ni rr inta ke .....W A 


•201 

•202 

•20.S 

•20r* 

•2IN 

-21(1 

•21K 

•210 

•273 

•272 

-207 

-203 

•205 

-204 

•206 

-2K3 

-275 

-282 


yohv ffuijrs J4.d nnd /7/? 


Intake M a i idar» I ..18176 

Exhaust standard si/,c.18177 

l*atw guides /S 

Intake, Stmulard Si^e.10362 

Exhaust, Standard Size.19363 


>foteWhen ordering over«i 2 e valve guides .specify si/c reouired. 


Check the ltiickne.ss of the metal al>ove the J4 series rocker arm ball 
cups and replace if this is less than % 4 *iuch (,078»iuchb An easy way to 
make the incasurcnieiU is to set a pair of outside calipers :tt ^-incli (.500- 
inch) and willk one point Ka^aled in the of the cup to measure the 

distance from the outside of the rocker arm to the other point with a scale. 
The desired dimension can then be obtained by subtraction. Inspect each 
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^msh rod ball end for miindncss ami for of rtmtact with the rocker 

kin the ball neck. If the rocker has been hitting, the ball end should be 

Assembly.—'Phe SlK•ces^flll niuTation of Uu* engine is alisoliitcly dc- 
pemlcnt Ihc altcution given to every detail in ins|>ection and assembly. 



Pig. 576.^Third Operation in Removing Model J5 Propeller Hub Using Tools 

WA>110 and WA-IU. 

It should bo constantly Iwmie in mind that the slightest neglect on the 
i>art of inspector or mechanic may result in the failure of the engine and 
possible loss of one or more lives. Cotter pins and lock wires which 
have been badly bent should never l>e used again. Cireat care should be 
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taken to prevent dirt, dust, cotter pins, lock wires, nuts, wasltcrs and other 
small parts from falling into the inside of the eiij^ine. These mig^hi work 
into the j^'urs or <iil lines and cause iuiincMsnrahlc damage. If the engine 
Ls to stand ft>r any Icnj^h ai time l»eforc l>eint; used, all steel parts, both 
inside atul outsUlc, should he covered with <dl Xu t>revcnt rust. Completely 
finish each step tu the process <»f asscuihhng as the work ]>rogrcsscs. Do 
nut leave a holt l(»o.sc or a mil ntd cottered with tlic ulea of coming hack to 
it later on. Never slack oft on a nut in order to line np the notch in the 
nut with the cotter pin hole in the holt or stud. If it cannot he tightened 
suflicicntly with rensimahle efTort rc|>lace it with another nut. 



Pig. 579.—Method of Removing Valve Collar Locks of Model J4B Engine with Tool 
WA-79 Shown at A. Removing Collar X^ocks of Model J5 with Tool WA-226 Shown 

at B. 

llefore asseiniding in the engine, all parts should Iw lli<»roiighly cleansed 
and iiin<le free freun grit, Wiiie with a clean <lry nig which is free from 
lint. Do not use waste or tattered rag.s. jneres of which might he left nii^ 
no(ice<l inside the engine and clog u]i pipes or strainers. Komcinher that 
the engine will turn over a miniher of times hchire the oil pump will start 
to furni.sh the regular sni>ply of oil, therefore coat all hearing surfaces 
with a good snj>ply of stundard engine <mI hrforc assemhling. All studs, 
nuts an<l iiarts which arc a drive fit should likewise he oiled. In the as¬ 
sembly procedure following it will he a.ssunicd that this lias been done 
where necc.^sarv. In places where there is the possibility of oil leaking 
out between two machined surfaces, us under the cylinder hnld-down 
flanges, it is recommended that the surfaces lie coaled with soft soap be¬ 
fore assembling. I'hi.s should he uf giMsl quality and free from lumps or 
foreign mailer. Murphy’s Oil Soap niautifacturcd by Phoenix Oil Co., 
Cleveland, Ohio, has been found very satisfactory f«»r this puqjosc. Soap 
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[iresents many advantnf'es over ihe compounds most orally used for 
and is highly rcciHiimended. 

Vor cimvcnience iti assemIdiuK' the cnj»ine a list of the variou.s parts 
and the location of their idontiiirulioii niiinhcrs is piven lielow. 

( v//WcTA.—J he mnnlur and llte cylinder nitmlwr are stamped on 

the cylinder head o\er the intake |»url. 

t’alvi'S ,—The cylinder number is etched on the upper side of the valve 
head. 



Pig. 580.—Removing Wright JS Knuckle Pins Using Tool* WA-9? and WA-IOO. 


J^ockvr Hoxi‘s.~y\if: cylinder niiml>er is stamped i»ver the rocker arm 
l>m boss. 

C raii^co.Tc.—The engine nninlier is stamped on the .side of the No. 1 cylin- 

r number is stamped im the front side of each pad. 
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Crankshaft .—The eiip^inc number is stamped in the atiiminum plug in 
the front end. 

Mastvr —The engine nmnl>er is stamped on top of the front flange. 

The four chimjdug bolts nre mnnbered atol c<»rrespoii<iing numbers are 
stamped at the top ends of the four holes. 

Pislon.K.— Vh€ cylinder iiumber is stamped on the top of each piston to* 
wards the front of the engine, and the engine lunnber is on the opposite 
side. 

Link Rotfs.^TUc link rods bear llu* engine and cyliinler numbers on the 
front Mile near the pi.stoii end. 

ff 'The cyliinler luunber i.s stain|>ccl on end ping in each wrist- 

pin. 

Kmil kit' Pithf .—The cylinder numlier is etched on the lop of each knuckle 
pin. 



Pig. 581.—Removing Vaster Rod Bolts of Model JS Using Tool WA*IB9. 


1— Crankcase.—After cleaning the crankcase, bolt it securely to the 
assembly stand by at least four goml IkiUs. 

2— Crankshaft.—If the crankshaft main bearings have l>cen removed 
they should be replaced in their original positions. The tiianufacturcr*s 
names and numbers face the ends of the shaft. The retaining nut on the 
rear end of the shaft should be run up against the licaring and the slinger 
until it is in its original |>osition as shown by the center punch mark on 
the shaft and the lock wire hole in the nut. The lock wire should then be 
replaced. Any plugs which have l»cen removed for cleaning the shaft 
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should be replaced and locked in place with a center punch. The roller 
bearings should then be filled with vaseline and the crankshaft inserted in 
place in the crankcase. 

5—Connecting Rods.—Tilt the stand so the crankshaft is in a vertical 
position. The two halves of the ma.ster-rod bearing should then be put 
hack in their places in the two i>arls of the rod and the bablhlled .surfaces 
cfiated witli oil. The cratikpin should also he oiled. Place the upper part 
(if the master rod in position with the shank protruding from the No. I 
(If top cyliiulcr opening. Place the lower p.irl of llic riKl lu position, mak* 
mg sure the knuckle pin K»ck plate screw* holes are facing up. Replace the 



Pig. 582.~Removing Crankshaft Gear of Wright Model J5 Using Tools WA't69 and 

WA-132. 

four clamping screws in their proper places accortling to the numbers on the 
'Crews and the rod and turn up with socket wrench \VA-189 until the num- 
l>crs on the screw heads correspond with thos^c on the master rod when set 
up tiglitl>. Jt is best to first tighten up all the .screws until they are quite 
^nug and then to bring them all up to their proper positions, a few degrees 
a time. This in-surcs a uniform set of the two halves and avoids the 
M^plicalion of unnecessary strains. The hottnin. or rear, screws should be 
^vired using the two small holes provide<l in the rear flange of the rod. 
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It is of the greatest inifK>rtance that this be done and done well. 

The link rods should then be put in. Coat the hushing in the rod and 
the knuckle pin with oil and slip the r<Kl into place with the number up. 
Thrust the knuckle pin into position as far ns it will go by hand and then 
tap down with a block of fiber or hard wo*«l. The straight side of the 
pin top should be facing the lock plate .screw hole. If it docs not seem to 
be in aligunient after assembly it can Ih.* turned by carefully u.sing a brass 
drift on one side or the other. The rofis should all l>c ]>nl in in this fash¬ 
ion and the t»ius locked in jdaee with the birkiug plates and screws. The 
two loM'er screws should then In* wire<l Ingelher uikI each <»f the upper 
screws should be v\ired to the nearer master rod clamp screw. 



Pig. 583.^RemDving Crankshaft Main Bearing of Model J5 Engine U^g Tool 

WA-175. 

4«Interniediate Section.*—The iuteriuediate .section should then he put 
in position and lapjK*<l down over the fnmt crank.shafl rciller bearing. A 
dowel in the face of the main crankcase permits the intermediate section 
to be put on in n<»ne but the correct |K»sition. The oil slinger, the small 
steel spacing ring, and the cam should next be slid on over the crankshaft 
in the order named, 'I'he internal gear on the c.aiu faces the frfinl of the 
engine. The cam tlrlve gear, well oiled, is then tapped int(» pl.ace. the cam 
bearing .sliding inside the cam hub and locating itself on the key in the 
crankshaft. 

5—Front Section.—I( the cam and magneto drive shaft has been re¬ 
moved from the front section it should then l>e replaced. The front section 
should be assembled in pl.ace with the long crankcase stud extending 
through the oil drain pipe 1 k»ss at the botumi (JS). On J4A and J4B 
engines the oil drain pipe is connected at the bottom of the intermediate 
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section. Put washers and castclkited nuts on crankcase studs and draw 
up tight. l-<«:k with i»ne wire running all the wny around the case. Slip 
the cranksliaft spacer ami the tiknist iKranng rear oil slitiger into place. 
On J4A and J4B engines this slingcr is alniosi flat, while on the J 5 it is 
spun over in an arc of almost *X) degrees. The front slingcr is the same in 
all models. Kill the ihni.st bearing with vaseline and lap into jklacc. Put 
t)i) the thrust hearing front oil slingcr and the crankshaft nut. Tighten the 
iiut until the crankshafl hus been ]nilk*d up into position and the center 
jjiinrh mark on the crankshaft cimies oppt/site llic locking wire hole on the 
unt. Use tool W.\*24(». 



Fig. 584.—Accessory Drives of Models J4A. J4B and JS Wright Aviation Engines 

Showing Clearances. 


^^Pistons and Cylinders.—In replacing the pistons atul cylinders, al¬ 
ways put t)ii the No 1 piMoti and cylinder first. Cylinders of Mfulel J4A 
and J4B engines shotild be assembled complete with valves, springs and 
rocker arms befcirc pntlMig them ini the engine. Mo<je) J5 cylinders should 
have only the valves, .sprint's ami washers, leaving (he valve operating gear 
until later, if the wnstpins arc a light Bl the ]>istons should be heated 
before they are |Uil ou the engine. Tins can be done with hot water or in 
a small oven of some s<»rL Hold the piston in iH>siticiii and push the wrist- 
pm into place so the plug ends are Hush with the lUitside of the piston, 
Apply a 1lf>cral coating of nil to the piston and the Inside of the cylinder 
sleeve. Compress the piston rings with ring clamp WA-244 and slide the 
c ylinder over the toji rings as shown at Fig. 5^K). Shift the clamp to the 
hottirni ring and slide the cyliixier into its proper (Hisitioii in the crankcase. 
Secure with the eight hold d<nvn nuls and lock nuts. 

It is perhaps unnecessary h* observe that the cylinder cannot be put 
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on with ihc sparkplugs m ihcir bushmgs. A very convenient and safe 
system is to have on hand a number of old sparkplug shells which have had 
hits of 60 mesh screen soldered onto the outer ends. 1*he regular plugs 
can he put in the renr bushings and these dummies in the fn>nt. This pre* 
vents dirt and chips from entering the comlmstituiH'hamlKrrs while the 
engine is being as.scmliled and still allows the mechanics to rotate the 
crankshaft freely. Replace the intake pipes as shown at h'ig. 591. 
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Fig. 585.—Cylinder. Crankpin and Bearing Section of Wright Model JS Showing 

Clcarancea. 

7—Valve Operating Mechanism.—()ii the Models J4A and J4B assem¬ 
bling the valve gear consists in inserting the push rods in ptisition. The 
inside cam follower (nearer the cylinder) operates the intake valve and 
the outside follower (towards the propeller) i»p«rateH the exhaust valve. 
The J5 assembly is more complicated. The rocker box and pmsh rod hous¬ 
ing assembly is put back in position and the nuts and washers are replaced. 
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f)o not forget the spacing washers which go on the two front studs l>e(ore 
the rocker boxes are put on. On the early engines it is very easy to confuse 
these washers (part No. 19,414) with the washers under the nuts holding 
down the rocker l>ox (part No. 19.4L1). They can be identified as follows: 
Part No. 19,414 (under the box) is .031-inch (l^a-inch) thick and is ground 
fiti both sides, while part N*). 19,413 (inside the box) is .017-inch (% 4 -inch) 
Uiick and is not gronnd. Part No. 10,413 is also used at lop and bottom of 


n 


m 



the rocker box springs. On the later engine.^ spacer No. 20,313 is used in 
place of the two washers No. 19,414. The packing nut at the top of the 
housing should be adjusted to give .031-inch clearance between the rear end 
the rocker box and the cylinder pad. The push rod ball ends should then 
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be dipped in oil (preferably 600W) and the rods inserted in the housing. 
Then Ihc rocker arms are assembled in place. Be sure the hardened steel 
push rod ball cuii is in place. If the cups arc c<ialc<l with heavy oil on the 
outside before iiiscrtiiiR in the n*cker arm they will stick iti place and inucli 
annoyance will be avoulcd. The ca>tellalc<l mit which l<»culcs the rocker 
arm pin in the iiousinj^: .shtPiild be liinicd up until it is snug and cotter pinned 
in place. ISc .'‘lire tins ma is li^hl as it clunlp^ the thru>l nashers against 
the steel bn.shlug uu the rocker niul iiiMires the jmijaT bearing of the rocker 
ami. 



Fig. 587.—Grinding Valves and Cutting Valve Seau of Models J4A and J4B Using 

Tools WA-22I. WA-7 and WA-140. 

Inspection and Assembly of Valve Springs.—*U has been n<iled in the 
factory that in assembly it is possible b»r the interinediaio valve S|>rjiig to 
ride on the shotiblcrs of the upper and h.wer valve washers rather than to 
slip intii place inside. This canscs the s)»ring to Uiltoin when the valve 
is in the full ojicn iK»sition and may result in failure of the valve <jr valve 
washer. It is essential that all JS Series engines now in service be checked 
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**)r this defect, proceeding as follows:—Remove the rocker box covers 
iixl the from set of sparkplugs, (li) Check the tappet clearance in ac* 
. ordance with Service liistniction No. .15. (c) Kiitale the propeller until 

(tie exhaust valve cm No. 1 c>linder ojicns. AscerUnn the opening and 
positions nml set the propeller so It is half way bclwccn the twti. 
TIjc roller will then he riclinjj <ni tlic hi^di point of the cam. (d) Loosen the 
vlainpinu screw on llic end of the rocker arm am! turn down on the valve 
rlearance adjusting screw until the sijriin^ hiutoiu. Note the munher of 
divisions on the njoker arm which are ]la^^od hy the arrow on llio adjust- 
iu^ screw. < ICach dlvi^ion is cf|uivalcut to .0(>5-inch motion of the valve). 



Fig. 58fl.-»Method of Uung Tool WA*274 to Grind Model JS Valvei. 

fe) 'riie valve will normally iiinve from .OfiCViMcli to .070-inrh in which 
<asc llie actjuslin^ .m'ivw should he relumed its original |H»silion. If it 
i'* iuipossihle to turn down oil the adjusting screw more than .020-inch the 
intermediate .''prinj^ i.s luil in isisiiion and should Ijc corrected, (f) This 
'i\u usually he cUme hy moving the projjelkT until the valve closes and then 
kvorkiug’ tlie inlermcfliate spring; around \vitl» the point of a screwdriver. 
• t wi]] u.sually snap into place with a very tioiiccahlc noise. If it cannot be 
done in tins manner it will l>c necessary to remove the rocker arm and the 
ip]*^T washer. As soon as the spriuj^ is in iilace. check the valve motiou 
hefore. (jc) Check the springs on the No. 1 Intake valves; then proceed 
•u around the uuKhu*. takinff the valves in order so none will he mi.sscd. 
^h) Check the tap]>et cUsirancc in accordance with fjrevious instructions, 
hi asscmhling an en^dne after overhaul this sliotild Iv clKvkcd when the 
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valves and springs are replaced \n ilio cyljii<1crs. With no rocker lioxes 
to interfere it is quilc easy to thrust the jKiInt of a screwtlriver tinder the 
t»j» or botlotn <»f the outer spring and obtain a giHid view of the inter¬ 
mediate sjiHng. 

Valve Operating Mechanism Adjustments.^JU'lxiris frtnn the field 
seem to indicate that the i»pcralion and niainlenancc of the valve gear on 
the J5 Scries ''Whirlwind** engines is not I bon nighty uiKleTSloud. Fnrther- 
in</rc, since a iiumber id engines of this series have been in service for a 
coiisiilerablc time, addilioiial tH*inis of interi st relative to upkeep have been 
broilgbl out. C*oiise(juenlly it has been found «idvi>ablc to issue thin service 



Fig. 589.—Method of Using To^ WA'269 for Cutting Valve Seats of Wright Model 

JS Cylinder. 

iiistrueli<ni t<» bring np to date inbtrin.ition ft»r niaiiilenance found in (be 
manual. 'rUe following routine is suggested U*r eheeking the valve gear. 
This should be done on one eyliiuler at a lime bdlmving the method out¬ 
lined in Instructions to follow. 

1. After the engine lias l*een in service for twenty hours loosen the push 
rod housing clamping screw and Kack ofl* <ni (he ailjustiiig iml until the push 
rod housing is free. With a set of thickness gauges check tlic clearance 
under rear end of the rocker 1m»x. To Ibis value nild .OtlS-inch and tighten 
up on the adjusting nut until the increased clearance is olitaineil. 1'hen 
tighten up on Ihc elaniping screw. It is essential that ihis be done when 
both the valves arc closed to prevent errors caused by the forces set uji 
when the valve is opening or closing. 

2. Check the valve tajijict clearances in the manner prescribed. Just 
before checking the clearance, the ]insli rod end of each rocker arm should 
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If tapped sharply with a hammer handle to make sure the roller is riding 
tui the cam. The cam followers are fitted with very little clearance and 
ric sonieliines too light lo lie moved easily with the fingers, necessitating 
:liis operation, ll has heen n<»tcd that many operators make curved feel¬ 
ers .CMO-iuch thick for setting the lappet clearance. This type gauge is very 
liandy U*r checking the clearance. 

3. Every twenty lu»urs the cc*tlcr pins should l>c removed and the rocker 
,inii-pin nuts (f’arl Nfi. I*). U5) cluvkiHl for tightness. 'Phis is very inijior- 
laut as any looseness *»ii the i*f this mil permits the roeker arm pin, 
-lee>c and thrust washers to turn and is apt to cause serious wear in these 
] tarts, 



Fig. 590.—Showing How Wright Model J5 Engine Cylinders are Assembled on 

Engine. 

4, It is most lullKirlant lo use the correct ty]>e of grease in the rocker 
anus id the *’\Vhirlw iml** ns iiisiny types will hivomc hard and caHinnize 
the temperature to which they arc subjected. Cirease cimtaiiiiug soap and 
graphite is most objectiouahle in this resjicct and shouhl never he used. 
\utomohile transniisMon oil has heen found satisfactory for rocker arms 
I ait care .should he exercised not to over-grensc lhc.se parts as the lubricant 
niny get on to the hot valve stems aud slick the vaivc.s hy the carlxui forma- 
Moil. When Uniihur luhncalors arc used for long endurance fiights, vaso- 
'Mie is found salisfuciory us It flows at the i>roj»er rate to give lubrication 
a nniiilHU* of hours. 

It has heen noted that the cicurauce lictweru the ends of the piston 
' nigs was omitted on the drawings. This is .OOf^-inch to .011-inch. Replace 
' hen the gap reaches .050*lnch. 
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^—Ignition System.—Kqjiacc the i^^iiitinn .system in the reverse order 
of disasseniMv. 

9—Timing.—'1*he engine is then reaily fnr timing. 'I'he rear face of the 
pr<ijidler Inifi is marked with the proper angles and can he used in this 
operation. When it is not desirc<l to retnc»vc the hub fr<nn the propeller, 
or when a metal propeller is being used, liming disk \VA-138 and hub 
WA“2h5 sire necessary. Ihit on whichever hub is to be ased. Insert top 
center imlicator \VA-43 into the front sparkping bushing o{ the No. 1 or 
toj> cylintitT (rear bushing <»n J4A and some J4JS engines). Set the tappet 
clearance tm the Nr* 1 rybiifler salves at I he jin»)KT value for liming. For 
all moilels this is .Ofitkinch. kVe tool With u jiiece of sheet metal 

and a ]»air of shears make a poiiucr and attach hmscly to the engine on the 
two top m»sc ]dnle studs. 



Fig. 591.—-Assembling Intake Pipes and Valve Gear Housings on Wright Model J5 

Engine Using Tool WA«22S. 

Remove the roller pin ami hM»sen the hex imt on the end of the cam and 
magneto drive .shaft. ’I'his is localt*<I in the nose the engine directly 
above the crankshaft. Keim»ve the breather (J4A and J4l*j or the plug 
(J5) Im'alcd on to]* of the eraiikeasc front scclkni directly l>clwcen the 
magnetos. Sot the No. 1 piston on top dead center as .shown on the 
indicator. Adjn.st the sheet metal priiiiter to the No. 1 c^dimler T.C. mark 
on the hub- If the timing disc is being u-sed. secure the pointer tightly to the 
engine and make a mark oiijio.site on the disc. Rotate the shaft until the 
intake valve <in the Ni». 1 or top cylinder Ix^giiis to open. I'his point is 
best delrrminetl by nicking the tappet ridler with the thiimh and fore¬ 
finger ami noting the ixiiiit at which it comes into contact with the valve 
end. 

Remove the timing disc or hub, being careful not to disturb the setting 
of the cam. Insert a screwdriver through the breather hole and separate 
the serrated discs, or timing dogs. On the Model J5 the serrated surfaces 
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arc between the hub fares of the aivl cam drive Rears, while on the 

(4 series engines they arc located in fnnit of the two gears. Replace the 
ijub and turn crankshaft in the direction of rntutum tinlil the pointer indi¬ 
cates eight degrees before the top renter mark prcvimisly mentioned. En- 
>'uge the dogs and secure by turning up on the cam drive shaft luit. Check 
llie setting of lH>th intake and exhaust valves. As cams are subject to 
slight variatiiiu it is i>robal)le that when the intake opens at eight <legrec.s 
before top center the exhaust will close at fr«»m eight degrees to ten de¬ 
grees after t<*p center. Whatever this dillcrenrc is it should be split and 



Fig. S92.—Method of Checking Magneto Timing of Wright JS Engine Using Tools 

WA-UO and WA-13S, 

added cfiualh t<) both sides so the valves operate at ef|iia] «angU•^ on either 
'idc of top center. When the tuning is eorrecl tighten and center the cam 
drive shaft nut. Reidace the breather cap (J4A and J4JJ) or plug (J5). 
Remove the top center indicator. 

To adjust the luagnelo timing first set the No. 1 eylinder on the com- 
•rcssion stroke at 3() degrees Indore top center as imllcated on the hub or 
iuiing disc. If the valve timing has just been adjusted this is done by tum- 
the crankshaft through appru.ximatidy one complete revolution. Then 
the magnetos <»u the Nt». 1 cylinder with the breaker points just separat- 
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Sng. To do this proceetl as follows:—Push the coupling towards the mag¬ 
neto until it disciigagrs from the engine drive gear and rolale until the 
firing of the No. 1 cylinder is reached. This occurs when the marks 

on the disirihiitor drive ^car coincide with those on the casing. The rrght side of 
the magneto lias double iiuirWs, while the left side has .single. 1'he firing jKiiut can 
also la? dctemiinctl hy wateliiiig Ihrungh llie small observation window noted uti 
the photograph luUil the minH*ral **1" appears, 'riie exact location of the point 
is obtained by putting a slight tension on a piece of thin paper held between 



Fig, 593.«Method of Checking Valve Timing of Wright Model JS Engine Uaing 

Toola WA-tlO and WA-136. 

the breaker points. When the points separate and tlie paper is released, 
hold this setting securely, disengage the couiding ctnnpletely, and rotate 
until the two pairs of gears engage. Kepcat with the idher magneto. 
soon as both are tinic<l. a check should be made to see that llic two are syn- 
clironiaed. Insert pieces of paper betw'ecn the breaker points and rotate the 
crankshaft until both arc released. 'I’lic difference l^ctween the two shouM 
not exceed one-half of one degree. This ojwraliou i< illustrated at Fig 
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C. Make sure lliat no paper is left Ketween the breaker points. Cotter 
iic coupling’s and replace the distrilmlor blocks and breaker mechanism 
uvers. 

K^Rear Section.-^The rear section slumld then 1>c replaced. Coat the 
car end of Ihc crankshaft and llie bearing inside the rear section 

^ ;th cni and slide the rear section into place. Kcphice the retaining mils 
,iud washers. The lH»ttoin stud is hclnnd the c»il slraiiior and on account 


uf its ])<»sitic>n i> liable to l>c fi»rgoltcn. • < >il llic shaft on the acccss(»nes 
.lri\ e gear an<l tap it into jdace relating tlic acccsNones gears until they are 
jn mesh. Tap the starter clog Intc* place in the end of the drne gear and lock 
hiUli in the shaft with the long steel screw. Replace the starter. 

11— Tappet Clearance—thi the )A.\ and J41* models the latipct dear* 
,i(K*e is set at .OlO-iiich for both intake and exhaust. The adjustment is 
made c»u the ui»|>er end cd the pnsh rods where the ball end shank screws 
mlo I lie ri>cl pro])er, Keep the ri»d fmm n dating Iw means of a wrench on 
iIm< lu^\ |irovi<le<l ft)r lliai piir|M)se. loosen the lock nut. and then screw the 
h.'di cud in or out until the .OKViuch feeler (\VA-8ll beccmics a snug fit 
l>ri\\eeii the roller and the vabe jdug t I’ig. 5‘M). Hritig the lock nut up 
iitihl against the rod and then clieck the clearance to make sure tlie hall 
end lias not Totaled while being locked. The adjustment on the Model J5 
Is c|U(ie cljgereiit. llie clearance for 1 m dh lappets being .(MO, Lo'»seii the 
cl;uni>iiig screw on the push-r<id cn<l of tin* rt^cker arm and willi a large 
screwdriver turn <|o\mi on the adjusting screw until the r(»ckcr roller 
innelies llie valve j'hig. 'riien liaek i»(T on the adjusting' screw nnlil the 
arrow on lop lias passed eiglil divisions of the scale on llie rocker ann (each 
divisKiii is erpiivaleiil t<i .(Kk^i-lneli eleanince on the vahe stem). Lock in 
place by ligdilening ibe clamping strew. 

Ill setting the lappet clenratiec it is esseiilial that the jnstnn of the cylin¬ 
der in c|nesiioii be at lop eeiiler on tf»e firing 5>lroke, I'nless (his is drmc. 
It IS ipiite ])ossible for i»ne of the lapjwls to be riding nnnotiec<l cm the ris¬ 
ing jiart of a cam. causing an error in the tappet selling. To avoid the 
])ossibi]ilv of inakuig' this error prm’eed as follows: 'i'urn the crankshaft 
iMilil ihc valvr.s of the No, 1 cylinder indicate that the jiistcui is on top 
center at the beginning of the suction stroke. At this j>oiiit bidli the valves 
Mill he open and llie ke\ wav in the shaft will be facing the No. 1 cylinder. 
H the pjopcilcr is inoniilcd on the shaft one of the blades wdll bo hi tbc 
line of the kevv.ay. 'riien turn the shaft through <Mie coinplelc revolution 
and set the clearances on the Ko. 1 ev Under in the manner prescribed. 
Ifaving done this, turn the erankdiafl in the direeliim of rotation until 
till* kevway or propeller bkulc is facing the No. 3 cylinder and set the 
' karanccs. Repeal i>n the rest t)f the eviinders, taking them in the firing 
• trier (L3,.S. 7,<k2.4,6,K). 

12— Miscellaneous.-^Keidace the carburetor. Replace the oil drain pipe. 
Ve(iface the rocker box ci>vcr.s. 


Installing J4B Cylinders on 34A Engines.—ParroiJcWW (Units per 
hndcr) J4A cylinder machining assembly (1) 18,82.1 Intake pipe 

1 18.012 ignition wire sleeve (2) Ignition wire bracket assy. (1) 

^ 858 Ignition wire tube (1) 18.938 Ignition wire tube (1). Parts Added 
■ nils per cylinder) 13.5.% J4B cylinder machining assembly (1) 19,561 In- 
pipe (1) 19,677 Ignition wire lube straight (\) 19,562 Ignition wire 
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tube (1) Lock wabhcr (4) To install a J4H cylinder on a J4A engine 

the following operalions arc necessary wl. Remove J4A cylinder and in 
take pipe in 1 hc usual manner, if N(». 1 cylinder is changed, great cari 
should be exercised in keeping the master hkI on the cylinder center Hue. 
as the piston rings on the other cUinders will catch alnnc or helow tin 
cylinder .sleeves jf the mnslcr rod is ccK*ked away {rum its noniial position 


WRIGHT AERONAUTICAL CORPORATION 
emtj 6mAmrajL^^7utL^£Jucc-t'^Ai7£^^ 



Fig. 5^4.^Power and Proptller Load Curves, Guaranteed and Average Actual Values 

of Wright **Whirlwind" Aviation Engines. 

2. Cut Kajah terminal off top spark}>lug ignition wire and pull the wire 
back through I he igniliou wir<' Inlw 18.H5H to IK.^MK, X h'or cylinder^ 
Nos. 1, 2. X 4 and 5 thread this wire through the ignition wire manifoh^ 
to the next lower opening. Eor cylinders Nos. 6, 7, 8 and 9 pull the wir< 
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!»rtck Ihrouffh the next ojK'iiin^' alH>vc tis former localion. Thi.s will bring 
ihe wire out just below the front siiark|>lug in the new cylinder. If all 
lyliiulcr.s arc U*mg rc[»Iaccd it is i«os^il»lr to >liifi wires in the tlislributor 
jilocks so that the wire going to the head |‘lug is used for the jircviims 
i \ hnder» i.e., No. 6 is used (or No. S and No. 1 for No. etc. If this is 
done no alleraliuns in wire location in the ignition wire manifold are nec¬ 
essary. 

4. l''il J4A valves, sjirings, riH'kers. si>ark|»liigv. clo.. lo the J4H cylimlcr 
and install it iii a manner similar to the }4.\ tvlinder. Ointl i^iiilioii wire 
liiaekel asM’iiddy m llie J-IU asM’nil»l\ and lit four l«K'k uavluTs under 

the Milake \*\\)v nuts 5. 'I'hread the iguilion wire fornierly for (lie head 
>lkark)»hig through the ^(ran:hl iu»iin*n u ire lube nil it olT lo ihc 

|•rlll)e^ lenglli and ,s»drler on ihc kai.ih lerinlnal. (>. riisoUlcr the Kajah 
lernniial for the re.ir sis'irkjilnj;. i>nll the >Mre oiil ihroni*!! the ignilimi 
wire Inhe IX.S5X or IS'^.k<aiid rcin*»\c ilu* i^;iiilioii wire (nln*. 7. h‘il the 
Ignition wire tube l'*.5b2 in the same location and secure it with the clip 
nil llie iiilake iiijie S. Kesoldcr the Karah terminal I** the rear ij^iiition 
\Mre. In.serl jnisli rod.*^ and a*linsl ilea 1 •alK•t‘^. III. kiin in gruluafly, 
iiuT4*asMig the speeil and load f«»r three hoiir-n before living. 

Wright J5 Carburetor.— ’riu* Slroniberj,; .Model .\'.\-'r-l rarlmretov fur¬ 
nished on the }> engine enilHKlies the v;inic liable ]iriMei[ili*s lliroiighonl as 
all StroinbiTg models ami M is aihiscd that a tli*Mont*h stmly b<* made of 
the s[»ecial elia)i 1 iT e\|ilam»iig Mroinberg Airjilaiic Carburetors, before at- 
liiii|itiiig to iiia’^ter the details of this |iariieular carburetor. It eimtains 
vianjdele information on design, eousirnelion. <»|ieialuin. adjiivinieiU and 
MTMoiiig, and assiniilalioii of tins inforiiialioii, tot;elher wilh detail refer- 
eiiee to the sectional drawing will make e.isy a eoiiiplete ninlerslainlmg i>f 
die earbnri’lor. The .sjiecilieation in the earbiin*I.*r lias been evolved after 
.1 great deal of |»ainsiakmg elTort l»v* all parties eoneetiUMl ni the jirodiKtioU 
•ind I’lieration <d the eiig'rnc and carburetor, and represciils the coinlnned 
results irf nnieh <lyiiainrMm*ter. lonpie stand an<l flight work. The s(»eclfi- 
^alioii shouhl never be changed unless absolnleh necessary, an<l then only 
when snhicient data are at hand to detertiiine exactIv the iialuTc ami extent 
of the change. The s|dedication is given on an ahminmin tag riveted lo 
die carbureii»r, and as onginallv worked out for this engine calls ftir a 
No. 52 Ilium meterings jet and l^i,i-inch \eiiUiri. 


The NA-T4 Carburetor.—There arc in service tlirce suf» models of litis 
arhuietor, the NA-Tk ihe N.VrdA, ami the NA-T4U. riu> arc all 
esseiiiialiy the same, ihc ilifTcrenccs I ding minor <mes. 'Jlie ,\A-'r4l*. has 
*1 rev iseil svslem of fli»at chamber vcnling. *rhe NA-*r4\ is <le,signed for 
Msc on the jiressiirc side of a .sujicrchargcr. Jt has packing glands on the 
•die adjustments and on the uperaliiig eml '»f tile IhnUtlv shafl. The other 
^*nd of the shaft is c<implctelv blanked olT from the iUtlsidc. All models 
••inbody a packed gland ou the mixture conlnd valve stem. The inslruc- 
loiis following iipply l4> all models of the carburetor with ccjtial force and 
no distinclion is made among^ ibein. 'riie NA-'r4and NA-TMl Models arc 
•lustratcd in Fig. B9^. The M<kIcI NA-T4 carlmrelt»r has three lairrels of 

actual internal diameter. The float chamber is in two parts. 
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one front aiul one rear of the three barrels, which arc arraiif^ed in a row. 
The two divisions of the float chamber are connected together as are the 
two floats so that tlie net cfTecl of the construction is that of a single fl<ial 
chamber with its center in the center of the carburetor. The fuel level in 
the discharge mjzzics is thus hchl coustaiil fi>r any change of position <'f the 
airjflanc either on the ground or during normal flight. Each of the three 
barrels acts as a scjiaralu rnrlniret<*r llmngh they all draw from a common 
float chamber. ICach has conii'lcle separate main disebarge and idling sys¬ 
tems. The throttle valves are all on a common shaft and arc. therefore, 


operalcti by a single lever. 'Phe three barrels arc balanced togciher aronml 

the venturis and this, in conjtinclion with the coininon float chamber, allows 

of the Use of a single iiif.stnr<* conirol. The slrainer is located al the left 

rear corner of the earlmretnr iinnierliatelv in front of the fuel inlet boss. The 

* 

main metering jets arc in the boUotn <»f the accelerating well screws and 
arc readied by removing llie plugs underneath the main <bscharge btis.ses. 
I'hc carburetor is parhcnlarly designed to goe positi\e aiirl regular opera¬ 
tion in catapulting, on :i r<»ugdi takr-fifT i»r when flying in very rongdi air. 
Uotb the throttle and niixlnrc cmitrol lever operate in a fore and aft direc¬ 
tion. 


For starling the engine the general practice gdven in the cha|»ter on 
Strom berg ('arbnreti»rs is recoinniemletl It can readily be seen that with 
the low sjHH’ds Used in cranking, il is nindi easier to start the iillc system 
to fnnclioiiing Ilian llie mam uell. In starling, therefore, the ihrollle should 
be kept closet!, or nearly closet!, until the engine fires. 

Tliesc carburet!'Fs arc of the plant tube type and there are no moving 
parts tf* wear. Once set for the engine, ihey .should function jirnperly at 
all times, unless there is some actual part breakage, siojjjiage id fuel or 
similar failure. The thrt»Hle shafl.s arc *d duralumin an<l are held in brass 
liearings. The float pivot jdus are of monel and work in brass bushings. 
There should be no evident wear after scvei*al bund reel hours of service. 


The range of idle a<ljustiiient on these carburetors is in excess of that 
neede<l U\ care for any variation in engine re<iuirenients. It is effective 
only from extreme i<lle to apj^roximatcly 600 or 700 r.p.in. of the engine. 
That is to say. it is intentiimally so designed that any sijccific irllc luljnst- 
ment required for a parlicular engine condition will not afTcct the main 
running' range. 'I'lie adjustnienl is made by .Mvingiiig the small lever on 
the quadrant. Care should be taken in making' this adjustment. IVimarily 
it is, of course, neces'^ary to furnish the engine with the jiroiicr mixture to 
in.surc all rylinderb firing at all limes .MiUKithly and ]»*sllively. 'Phe ad¬ 
justment should be made when the engine i.s warm but the iqieration cold 
should be taken into account by setting the mixture as rich a.s possible 
and still fuirdl all engine requirements for g<K>d operation in a warm con¬ 
dition. 

As noted above, a separate idling system and, therefore, a separate ad¬ 
justment i.s provided for each barrel. The barrels or inanifolds are at no 
point iiiier-coiinecied above the throUle an<l each barrel, therefore, feed.s 
three cylinders separalcly and distinctly. The manifold arrangement is such 
that the left barrel feeds cylinders 2. 5, 8, the center barrel, cylinders 1, 4, 7 
and the right barrel the remaining three. This arrangement spaces evenly 
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Fi(. 595.—Drawings Showing Construction of the Stromberg Type NA>T4 Csrboretor Used on Model J5 Engines. 
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the pulsations or air flow periods in each barrel. Utilization of this knowl- 
edifc is essential in ohtaiiiiiij,' a correct idle adjuslinent. It is not nccessarv 
that the esaol cxlimlcr iinniherinK nnd carlnirrlor barrel relation l>e known 
It can easily be d<*lermiiic<l by nb'serviii^^ Ibe elTect <»f the dilTerenl mljiisl- 
meiilsuheii (lie «'n^liie Is idhui*. 'I'o do thi-. set all <»f the idle ailjnslmentv 
as lean as j)os>jblc, still inainlainin^ an e\enlv firint; engine. Then throw 
one adjiiMinenl inui the full rich or tiearly full rich piisiiion. Note care 
fully the cylinders which show a heav n hlack smoke in the exhaust with in 
<licalions <•{ lines on firlnj;. 'I'hcse c\hn<lers will he scparatcil hy threes: for 
exaiiij)ie, they will he 1, I and 7. Adjusiinj; this i<lle hack to the lean posj. 
tion, j;l\e llic eii);ine lime to “clear «inl** and repeal with another a<ljus1- 
nienl. fl is not nece<^sarv to cheek (lie tliir<l a<l]nHtnient as this will, of 
course. alTect the rcunainmi: three cvlindcrs All of the idle adiiistniei(t'« 
<ipora(e in the same direction, that i'^. lluw all turn to the rijilil or cloekwdse 
to richen and to the left or anti-clock wise lo lean the luixturc. 

'riie earhuretors should at e\cry opjioriniut) In* eheckeil carefully see 
(hat all parts, screws aiirl eonnectiMiis are littht and that all controls are 
funelioiiin^' properly. 'Hie fuel strainer in the carhurelor should he cleaned 
rc^jiilarlv. It is jio^dde for iniinile t»nriiele> of dirt to lodi>e helween the 
flout needle and seat and caii^e the carhurelor to Hootl. Soineiinics thK 
fttuKlinjf can hi* stop|K*d by tappini* the carburetor with some soft msini* 
merit or toed (such as a rawhide mallet or \voo<len screwflrivcr handle). 
the cuTburel«>r can be flu>lied out \*\ removiiij; one of the l»ottom I'lii^s m 
the fl<uit eliarnber or one of the ]dnus hen call i the main <liscliart^e no/zles. If 
the carhurelor shows ]jersiN.(ent floodintt. it should he reimoed, the halves 
separatee! an<I tlic cause located. 

Carburetor Overhaul.—As noted inidtr “I'ench Inspection.** in ( hapler 
X the carhurelor at any time it is deemed necessiirN, nia\ he jrardully chs- 
asscmldc<l ainl a thorrni^h inspection to determine its condition. It 

is recomnicmierl lluit this l>e ilone in all cases <d donht. The oiieration of 
the enuine de[»eiuls to such a lar^o* estent uiioii the carhurelor that its 
condition sliouhl be kcjU at all times ns nearly juTfeel as is possible. l'*or 
an <»v(Tliaul. the carhurelor shouM he almost coniidetely disasM*iiildc<l .^o 
that the eondilion of every jiart can Ik* determined. An aircraft earlmretor 
wdiich is properlV cwcrhauled should he iii exactly the same eoinlition as 
a new' one, Thi.s reipiires a thoroui^h kn<wvlcdt*c of the carhuret<»r and 
jiainstakiiij; attention to every detail of di.sassemhlv. examination and re- 
asseiuhh, The j>nicv*lnrc jiiven shouhl he followxsl in all particulars. Tlic 
illustrations of th<* carhitrelor.s should ho examined carefully, with particular 
reference to the actual tncchaiileal const met nm so that the <lisassemhly and 
re-asseinblv can he jwojktIv made. The earhuretors have heeii desi*;nc<l in 
sn far as possible to re<inire no special tools. However, as is necessary 
for all ^;oc)d wa»rk, the best of tends should he itscd and only tho.se which are 
exactly filled to the work. 1’articular care should he taken lo see that 
gasket surfaces are not injured. 

Especial care is alsti re<piire<l for the i>ropcr assembly and tlisas.semhly 
of the float tnechaui.sin. 'I'hi.s is made of stunly con^ilrnctlon to stand hard 
service, Init it is necessary for projHT ojieratitMi that it Ik* assembled with 
the piv(»ls accurately lined up. and with the uee<l1e in its projjcr hKalion at 
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.iM positions of operation so that there is no temlcncy to hind. Be certain 
ihat the float does not rub on the carl)urelc»r wall.s. To disasscinlde the 
Miidel NA-T4 carlairclor, it is nccissiry lirsl to reimn c the tuelve fillister 
lioad screws whicli fusion (he lun halves <»f (he carhitrelor Ui^ether. Ten 
uf these screws are put in fr«un the (o]» aii<| are jdainly visihle. 'rhe either 
iwn arc reached fr<un the hot loin of llie eurluirelor hy inverting it. Of these 
l\vo» one is <|uite Umjf and reaches nearly to the hottiun flanjje surface. The 
i>(hcr is shi»rt and lies hetween aiul ludiincl ihe veil lit tin. Ii cannot he mis¬ 
taken if there is kno\vlcrl;»e *»f its presetice ami jjeneral localiDO. Itecause 
tl is jiartlally hidden, it is <»ften forjjoiteii ami in Midi ca>e (he halves of 
the curhurctor <divlinisly cannot Ik* separail'd Sc»nic*llines (he halses stick 
iwjjellicr after loni; service hut will Uiosen ea^dy with a few litiht hhiws 
funu a rawhhie mallet on the l<»vvcr half. !i«* 111111 ^ the iipiicr half securely 
111 Olio hand. 

'Tho venturis are hold in |>laci* hy sIiouMits on the >eii(nrls iheiuselvcs. 
which fit into of tln^ jiarhnt! surfaii' Wluii (lie halves are se[ia- 

rulod, the venturis can he rcmnveil. L'lwcrew (he jilu^is in the lM»((om of 
ilieinaiii discharge n*i/.zle Ihisscs. rnscrruim* (lie atteleraluit* well screw 
will 1I1CII alliiw the reiuoval of (In* inaiii dis(liari*e iio//le proper ami the 
accelrruliiiir well stud. Afler lliese are cnii. the acceleraliiii^ well siuds 
'lioiild he unscrewed from the main cliM'liar^e nozzles. TIu' local ion of the 
C^nskels renioNt'tl .shmilc] he carefully uoletl su that tiu'v can he put hack 
ci»rrect1y in )>lace when the re*assemhly is made. Remove the strainer 
from (he strainer ilianilK.T. 

The float niechaiiism is of an nncotnmoii consinictiini. the floats hcinj; 
placed in the lloal dianiher separalely ami then clampetl riundlv ti» a cciin- 
iiioii jiivtil shaft. 'I'o make this clisas'^einhly, the th»al iieo'llo valve ami .seat 
"iKnild first ho taken out. It is tiot yhsolnielv neecssarv to remove the 
needle valve ami seal in c»rdvr (o ;jel the float niechiinivm chsassemhied and 
out of the carhnrelor Init it is more easily ihme in tins in aimer and it is 
necessary that the neeillc valve seal he removed before the rc-as.semldy can 
he made. t*are 111 list he taken with the valve scut (it will he foiiiid to he 
Vi-ry tightly in place) both to see that the screwdriver slot is not injured 
and to keeji intact the gaskets under the seal, 'rhcsc gaskets determine 
the float level and if pul hack hi place exactly as removed, the float level 
will he the same. 

Next, remove the two idiigs at the l«iUom of the l\v<i hnsses on the left 
side t)f the earhuretor 'I'hc small screws which clamp tfie float arms to the 
pivot can he reached hy a small screwdriver inserted llirongh tliesc holes. 
After looscniiic these, the twv» pivot l>eariugs in the end ?'honld he tin- 
•^crewed. These should he marked .so that each can he returned lu the same 
>nde from which removed. It will he noted that the jiivot shaft Is hollow 
-nvl has in each eml a length of 10-.12 female thread. Any screw or h<»lt 
having this thread can he used to screw into one end rtf tins for handling, 
f'hc shaft should 1 h* pullerl toward the cud in which the screw is being used 
Hiitil the float nnii (»f the float in the iUlier end is clear of the shaft. This 
float should then he removed and the shaft moved in tlie other direction 
'niiil the other float is clear and van also he removed. H llie operalum of 
Aiding the pivot shaft in the float arms is done curcfully. it is easily per- 
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formed, otherwise nmeh injury ami delay can he caused. There is ample 
clearance belween the hcxajjon on ihc shaft and the hexagonal hole in the 
float lever if the two arc properly lined up with each other. If they arc 
not lined u]i, the lever binds on the shaft and prevents it from moving iu 
cither directlmi. llic liest mctluMl is to hold the float with the fingers of 
one hand while working the pivot shaft with the other. The *'fcer* of the 
float gives an imlicatiou of how easily the i>iv<d shaft is sliding in the arm. 

In rc]>lacing. the reverse jimecdiirc is, of course. gfn>c through witb. 
Particular attention sliould l>c pai<l the piNot slinft plugs. These act not 
only as heariug.s f<ir the pivot sha^t, but serve also to limit the end play of 
the float and shaft asscnildy. This end jday sh<»u1d be the nilniinuin con.sist- 
cut with the free (»ticratiou of the fltial. I'ehirc placing the needle valve 
and scat back in the carburetor, they should he clieckc<[ for leakage and 
examined carefully for c\ idence of wear or injury. Remove tlu* i<llo air 
bleeders am! t!ie idle tubes liy unscrewing out id tlic lower half. See that 
all drilled passages are opeti. The mixture control valve is opened to 
in.sjiertioii when the cover is removeil by tin screwing the small fd lister head 
screws. If the mixture control valve is removcil. mark it carefully as each 
valve is individually fit led and they arc not interchangeable. 

If the throttle valves fit accurately ami the ihroitic sliaft works freely in 
its ticarings, they .slundd not he l<»oseued or disturbed in any manner, 'rhe 
most difficult la.sk of assembly of the entire carburetor is in gelling these 
valves pro]»crl\ filled and synchroui/ed all on the same slmft. In ease i»f 
removal the ibrottles should lie marked for rehlliug. They are machined 


accurately at the exact angle they lie in the carburetor barrel (twenty de¬ 
grees with the horizontal). The barrels are c.arefnlly finished with a reamer 
which is held to wdlliin five tcn-lhou.sandlhs of an inch in size. Iii the 
reaming, however, the barrels attain dlfTerent flegrees of licat and there may 
be slight variations iu size. loir this reas<in the tlimtlles arc rjllc<l indi¬ 
vidually on the original assembly, 'rherefore, when retimving them, 
mark eu re fully so that each throttle i.s returne<I to the jiroper barrel witli 
the proper face up an«l all |>oin1.s on the circunifcrmre in exactly the same 
location as l)cfi>re removal. 'I'lie hexagon head ping whirh ludds the idle 
adjustment assembly in place should he unscrewed anti the assembly re¬ 


moved. 

Carburetor Re-assembly.—The assembly of the carburetor is, of course, 
just the reverse of the firoccss given abo\e with the fidlowing addition: 
after the assembly of the bnver half, the float level shoubl be cheeked ami 
if not right, corrected. In making the rc-as.sembly, too much care cannot 
be cxerei.scd in seeing that all nece.‘«sary gaskets are in place. There arc 
many gaskets in the carburetor ami the onnssiun or imprciper placing of 
any one of these may cause complete failure of the carburetor action. In 
assembling llic upper and bnver halves of the carburetor together, it should 
be made certain that Ibcv fit well. As covered alM»ve the venturi tubes are 
held in place by slum filers machined ou the tube.s themselves fitting into 
gr<jovcs ill the uiijitT half. *riie thickness <»f the shonbler ami llic depth (d 
the griH)ve ure nearly the same so that the venturi will be held tightly in 
place and will not move under vibration, (‘heck carefully to sec that the 
venturi shoulder will not hold the two halves apart, for should it do so, the 



CARBURETOR REASSEMBLY 


1207 


resultin^T action will bf the same as that from an imperfect main hotly 
gasket. The assetnhly of the twn halves is best inatle by having the ven¬ 
turis in place in the iipjKT half as the usseinhty is starteth makiuff certain 
iliat the ventnris are in the projier jHssitiun to lot the slots in the l>ntioni 
hi tiver the main air bletMler arniN. 

Three fK>ints are of vital iniportnnce in the re-asseinlil\ of the carhiiretiir. 
They are: 

The Main Body Gasket.—This shouhl be in tuTfcct condition. If the 
gasket is turn at any ptjint aroinit] the llnal chainI kt or any of the niislurc 
cotilrol tlrillin^s. it will nut only allmv fuel to seep out of the carlnirctor, 
hill will seriously interfere with the mivlnrc control action. If torn or 
iiiijKTfcct around the idle tnhes. it will cause )uHir idlinj; operation amt even 
cause the engine to cease firinj^^ enifrcly. If the gasket allows anv connec* 
lion between idle tubes and the float chamber, the ciinine will mit nin be- 
1 ween fiOO an<l 1r.jj in. 

The Idle Discharge Jets.—These sbonld fit jicrfectly in place without 
(orcin^j and should rotate freely. All three ndjnstment asseniblies are 
different and each must, of course, he relurncil to it> jiropcr barrel, 

The Float Level.—The effect <if the float level is so j^reat on sonic of 
llic o])eratiu^ charactiTi^tics of the carburetor that it> pro]>er l<ic.alir»n is 
i>r the ulinosi imtiorlancc A too bi^h level ^ive*» IhsMlin^ and coiisecjiifiit 
fire hazard, wastage tif fuel. etc. If too h»w. ihcrc may be ]H>or ojicralion 
of the enjjinc from (W to 1.2l)t> r.jj.in. with pf>ssible “backfiring'*' and 
ill atlditiou poor or nf» acceleration when the throttle is suddenly o|icnoiJ. 
The level should be cNaclIy eorrect with the fuel and opera lint; head used 
III actual service aiul there should Ik* no ‘Vrecpiiif;** of the level. 


QUESTIONS FOR KEVIKW 

1. What is the difTcrciico heiwccn the ‘‘Whirlwind'* J4 and JS ciiKiuc^? 

2 Whal outNUMidiuK :K'vompli>hitioni k.ivv thr **\VhirUMii<l" ciikuk* wurld-nide 
nruKuiiKnii' 

X W1i.it is the difTrrrnri' IicIwctii )4 ainf )S “Whiriniiur cylindcrK^ 

4, Wli.d iiidiulioii syMcin is UM*d <»ii J5 “Whirlwind" <ii«iiirs' 

S Why c.m "Whirlwnid” cranK-sli.Nli he one inecc' 
h, Wliut lyni* fuel iKUiiii is used on WnKht ni^nrs^ 

7. Whnf sysiem of hihrication is »**ed with WriKhi 
H (Mitliiie |iniici|»Al Wriahl "WliirlwirMr' tronhlr'» and renicdu's 
DescnlK* iusiH'cth*ii runt me h»r "Wliirhvind” eiiKiues 
10. Wlirii is a rimi]deU* oveilianf needed with WriKhl "WlurUvind** eiiKincs? 
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WRIGHT CYCLONE ENGINE 

General Deacriptt&n—Cflindere^-Crankahaft^Crankcaae^Supercharefer—Valve Oper¬ 
ating MechanUm—Valves—Valve Spring Assembly—'Pistona—Lubricating Sys 
tern—Magnetos-^Ignirion Wiring—Carburetor Air Heater^Hand Starter- 
Specifications for Wright Cyclone Engine. Model R17S0—Starting and Normal 
Operation—Starting—Ground Test—Flight Operatiork—Landing—Fuel Specifica¬ 
tions—Oil Specifications—Engine Troubles—Low Power and Uneven Running— 
Excessive Oil Temperature—Cold Weather Precaution—Irupection Routine- 
After Twenty Hours—Overhaul—Disassembly—Cylinders—Front Section—Inter, 
mediate Section—Articulated Rods—Crankshaft and Master Rod—Rear Section— 
OU Seal—Crankcase—Inspection and Repair of All Parts—Cylinders—Pistons and 
Rings—Valves—VaJve Guides—Rocker Arms and Cam Followers—Cam—Crank¬ 
case Parts—Supercharger Impeller—Crankshaft Inspection—Supercharger Oil 
Seal—Re^assembly of All Pans—Checking the Timing Supercharger Section- 
Supercharger Drive—Magneto Timing—Installation and Test after Overhaul- 
Instructions on Stromberg NA.Y7A Carburetor—The Wright J6 Engines. 

The Wri^'ht Cyrinnt' aviation engine. Model R17W. shown in photo- 
p^raphic rci»ro<liictloiis at Firv. 5% and 507, U of iho niiic-cylin<lcr. air¬ 
cooled, sialic, ra<lia? Ivjk* ojuTalint; on llu* crniveniional ftnir-'^iroke cycle. 
The hore is six incites ancl ilie stn»ke is 67^ inrhes pivinir ^ total displace¬ 
ment of 1.750 ciiImc iiiclies. This model is rated at 5J5 brake liorsepowcr 
at 1,900 r.ptn. Imii will clevelc»ji .^,15 brake ln>r'.cj>o\vor at that speed and 
under standard con<liiioiis. Tbe >;naranteecl find and oil c<»nsuniptlnns at 
rated power and speed are „55 and ,(^^5 jxatnds per liorscpower-honr re¬ 
spectively. 

Cylinders.—The cylinder Is built iiji by screwing and shrinkinjr a forjjed* 
steel barrel into a caM-abitnininn lu*ad as clearly shown in sectional view 
at Fitf. 598 The head nncl fins are cast in almninmn alloy, the bottom fin 
lielnL' finite heavy to j^ive additional slrrnjjtli at llie thrc.idrd end. The 
valve |>orls boili face the rear <»f the en^diic. Tlic exliansl port is furnished 
with several crHiImp fins and llie Intake Is left bare. The valves are in¬ 
clined to tlie center line f>f (be cylinder at aiij'lcs of ,V.5 dej^rccs. pennrttinu 
a hcmispl^crical com!>iiMion-chamber. Valve ^'uidcs of luntfsleii steel are 
shrunk into the c>Iinder bead. The vaKc M•at^ are of hivm/c mid arc also 
shrunk into flic head. The cylinder liarrcl i.s ninclnned fmm a steel forging', 
and Is supplied with fiiw and the hold-down flange. The top end is fur¬ 
nished with thread-s for a iltsiaiicc of 31/32 incli where it screws into the 
head. 

Crankshaft.—The crankshaft is of the two-piece, single-throw, cnnnter- 
halanced type inaclilned from nickel-steel forgings as shown at Fig. 000. 
The front section <jf the shaft includes the crankpln, the front crankcheek 
and counterweight, and the sliafl proper. The crankpm is bored out for 
lightnc.ss thronphnut its length i*xcei>l for the rear end where a heavy cir¬ 
cular rib is |>rovitled to prevent distortion when the rear section Is clamped 
on. The crankcheek is of rcclangtilar section between tlie crankpin and 
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shows the crankshaft construction clearly. 

Crankcase.—The crankcase is built up of five sections cast in ahiminuni 
alloy. The front cover contains the main thritst henrinij held in a steel 
housiiifif. The intermcilialc section furnishes support for the cfiin followers 
and the cain-drivc ^ears. In this section. als<». the cam drum rides on a 
sleeve on the crsiukshaft. The main sccljon of the crankcaNC is supplied 
with the cyllmlur jiacls and. in the rear wall, with the htnisini; for the rear 
crankshaft bearintj. 'I'he supcrchari^er is located in the main Kcctioti be- 



Pig. 597.~Anti-Propeller End View of the Wright Model R-17S0 *'Cyclone** Engine 

Showing Accessory Grouping. 

tween the rear wall and the siii>crchar^vr scclicm, this heinp the next sec¬ 
tion to the rear. The siiperrharj»er is dcscnt^cd in detail in the next para¬ 
graph. The rear .section houses all the accessory drives and supports the 
carburetor a.s shown at and fiOI. 

Supercharger.—'J*he sn(>crcliarj^er. which is of the centrifug,il type, con¬ 
sists of an impeller. im|*M?Uer drive, dilTuser and distribution chamber. The 
impeller is 7.5 inches in diameter and is machined from a duralumin forging. 
It is mounted on a hollow steel shaft turning on ball bearings and operates 
with the inlet side facing the rear of the engine as clearly depicted in sec- 
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lional view at Fip. 598 The cliffiiw is a narrow annular passage sur* 
rounding the impeller through which the iniKiurc is discharged into the 
tlistrihutiou chain her. The (r<mt face of the tHlTuscr is formed hy a ma¬ 
chined di.HC which is seemed to the rear wall <if the crankcaac main section 
and at the center of this disc ts an oil seal which prevents the supercharger 
from sucking oil out of the crankcase. The rear wall of the diffuser is the 
fnmt face of the supercharger section casting. The distrihution chamber 
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Fig. 598.—Part Sectional View of Wright "Cyclone** Engine Showing Lubrlcationi 
System and Construction of Internal Mechanism. Note Centrifugal Supercharger 

Installation. 

is an annular ring inside the rear of llie main case, into which the diffuser 
discharges. The intake pipes arc attached to this chamber by ports tan¬ 
gential to the circumference. The supercharger and all <if the accessories 
^re driven hy an extension on the crankshaft which carries two gears on 
<is rear end h^r that purpose. Directly above this extension is the super- 
' liargcT and gcnerat<»r driveshaft. The front cn<l of this shaft is carried 
hy a hall hearing and the rear end runs tn a bronze hearing in the crankcase 
rear section. 

The silhouette drawing at Fig. 602 shows the general arrangement of 
die supercharger. The front gear on the crankshaft extension meshes with 
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a ^ar on the drivcshaft. while the front gear on the driveshafl meshes with 
a gear on the impeller Kliaft. I'hc in)|>eller .sliaft is hollow and is con ecu trie 
with the crankshaft extciisitni. The ratio is such that the impeller 
rotates at eight times the ejijjine sj>ccd. 

Valve Operating Mechanism.—The cam. which is located in the inter- 
mediate section, consists of a hardened-steel ring with four pairs of lobes 
on the otitside and an internal gear cut on the inside. Tlte cam is riveted to 
an aluminnm huh provided with a hron/.c-hacked, babbitted bearing which 
rides on a steel sleeve on the crankshaft. This is shown in sectional view 
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SCa.^Part Sectional Views of Wrig^ht “Cyclone** Engine Parta Showing 

Lubrication System. 


Fig. 598. The camdrivc consists of a gear on the crankshafl and two gears 
rotating on a pin anchored to the rear wall of (he intermediate section. One 
of these lw*o gears meshes with the internal gc.ar of the cam. driving it at 
yi crankshaft speed and in the op|>ositc direction. The other gear meshes 
,with the drive gear on the crankshaft. 
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The cam fnllowcr tappet ficuides arc machined Irom steel forgings and 
tre arranged around the outside wall of the intermediate section. The tap¬ 
pets are of har<lcned steel and arc a ver^' close, sliding fit in the guides to 
prevent oil leakage. A hardened-steel cup is pushed into the upper end 
while the lower cud is shdled to receive the cam-follower roller. The roller 
operates on a floating pin. The rocker arms which are shown at the top 
of Fig. S99 are of otte-sccti<»n machined fnim sled forgings. The valve 
end of the rocker arm is forked and carries a roller operating on a huh and 
pin riveted inln the arm. 'Phe pusli-nMl end of the rocker arm is provided 
with the lappct-clcaraticc adjusting screw and adju.sting screw locking 
'.crew. 

Valves.—'j'hc valves arc ln»th of the tnlip type, machined from tungsten- 
nIcvI forgings. 'Pw icc during the machining process they are pickled in 
and and inspected U*r flaws, thus nisnrtng u iinih»nn protUict. The cxhausl- 
' alvc .stem is hollow and is half filled with salt for moling purposes, while 
I lie intake valve stem is smaller and us of .sedid cross section. The seats 



600.—Crinkshaft of Wright '*C 3 ^lone** Engine Assembled with Auociated Parti. 


“f both arc at an angle of 4S degrees. The valve scats are annular rings 
•4 ca.st-altiiitinum hnaize shrunk into position in the cylmder head. 

Valve-Spring Assembly.—The valve springs consist of three concentric 
coils of r<nni<l music wire per valve. 'Phe lower retaining' washer scats on 
I he shoulder nf the valve guides, and the upjier washer is locked to the 
Ujjpcr cml of the valve hy a tat»cred, sidit lockring. The inner spring is 
centered hy the .shonl<lcrs on the inside of the two retaining washers. The 
mtcrjjicdiate and outer springs luv ligated hy h lidgc luiuiiug around the 
cnhtact face of each washer. This ritlge U of such a diameter and thickness 
ihal It fits between the two si>riiigs- 

Connecting Rods.—The connecting-rod assembly consists of a master 
and eight articulated rods machinevl from cliroiiie-nickel-stecl forgings. 
Ml rods are of oiic-section and finished all over as shown at Fig. 603 A. 
The master rod is of one-piece construction and operates in the No. 7 cylin- 
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dcr. It IS provided with a steel<l)acke<]. bahhitl-lined bearing at the big end 
and a bronze bushing nt the wristpin end. The articulated rod knuckle 
pin and wristpiti Intshings are also of bronze. 

The knuckle pins arc of casedianlciicd sled and arc finish ground all 
over. The front end is .supplied wiih a flange winch bulls up against the 
face of the master rod in a.ss(tnibly. Each llaiigc has a flat on one side 
which is used in c<mjunctiou with a flaU sicvl plaic to hold the jiins in place 
and prevent thent from relating. The plate is held in j>lace by two screws 
which are lockwired together. 



Pig. eol.—Rear Section Showing Generator, Magneto, Fuel Pump and Oil Pump 

Drives of Wright ^'Cyclone" Engine. 

Pistons.—The pisUms arc of the full-lnink type cast is aluininum alloy 
as shown at Fig. Jl. The under side of the ht'a'l is heavily ribhed to 
increase the strength and improve the c<Miling. There are Ihrcc jn.ston-ring 
grooves, each holding a pair of narrow rings. Two of these gro<ivcs arc 
above the wristpin, the tt>p grtiovc having two compressi<ni rings and'the 
second two bevelled, oil-scraper rings. The third groove, which is at the 
bottom of the skirt, also hohls a i>air of oil-scraper rings. The upper oil 
scraper ring groove is |>rovided with twelve Ji-inch boles which return 
part of the oil scra]ied olf the cyliinhT wall to the iii.^ulc of the piston. The 
wristpins are <»f geiienuis size niachined from alloy steel and oil hanlened. 
Aluminum alloy plugs in the ends prevent scoring of the cylinder Vr’alls.* 
Lubrication System.—The lubrication system is of the full-pressure type 
except for the cylinder walls, wristpins and accessory drive gears which arc 
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lubricated by splash. Oil is carried in an exlernal tank not furnished with 
the engine. The oil is drawn frcmi llic botlinn t»f llie tank and through a 
fmgcr strainer l»y the prcsMiro imniji. 'riir jiressurc pinn|> forces the oil 
ilirongh tl»c main strainer «ind then lo llie various parts of the engine as 
•.howii ill secliiMial views at J'igs. 598 and 599. One passage leads the oil 



602.~Driwing Showing GB Centrifugal Supercharger and Method of Rotor 

Drive Used on Wright *'Cyclone*' Engine. 
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to the rear of the crankcase intermctlialc section where it enters an annular 
groove cut in the casting behind the crankshaft front bearing. Four 
inch holes are drilled through the bearing this groiive and these 

holes index with eight %:!-inch b<»lcs in the bearing sleeve on the crank¬ 
shaft, A groove in I he iii'^nle of the bearing sleeve behind these Indes is 
connected by a steel tube to the middle of the crankpin bearing, l-'cnir boles 
in the master rod bearing imlex with the end of the su|)tdy tube in llie 
crankinn once every revolution. Grooves in the back of the bearing lead 
the oil from these four boles to a circular groove cut in the master rod 
inside tbc rear flange. Lead.s are drilled radiallv from this groove to the 




Pig. 603.—Wright “Cyclone** Engine Master and Link Rods and Piston Assembly 
Shown at A. The Construction ol the Piston is Shown at B, 

knuckle pin holes in the master rcwl flange. A hole in each kmicklc ihn 
indexe.^ with llie oil Icatl in the flange anc) conducts the till into an annular 
space provided by an aluminum spool forced inside the hollow center of 
each knuckle pin. Another hole at the other eiul of this space delivers the 
oil to the connecting nxl bearing. 

Grooves in the hack of the cranksbafl front main bearing sleeve, in the 
cam drive gear and in the camhearing sleeve conduct oil to the cam bearing. 
Holes in the cam bearing and hub allow a part of the oil to escape and be 
thrown out on the cam drive gears. Drilled passages in the rear wall of the 
intermediate section conduct the oil to the camdrivc pinion shaft and hear¬ 
ing. A passage in the crankcase rear section conducts the oil to the lower 
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rnds of the two vertical shafts. These shafts arc hollow and lead the oil 
to the upper ends, liihricatinj^ both llic uiipcr and lower hearing, Drilled 
l>n>sajjcs leading from (he upper ends of (hr shafts insure luhrication r»f 
jlu* inajjncto. siipcrchar;;fr, (•nierah»r <lrlvc hearings. 

The nil-pinup drivcsltaft is iiihncated hv srrpajjr from the pump nearest 
lo the driveshaft hoarinj;. 1‘lie fiichtunup driveshafl is itihricated hy prav- 
ity feed from a small resrrvijir cast in the rear section just over the shaft 
hearing. This reservoir is open at the top and is constantly kejit full of oil 
«.plashe<l off the drive ffcars and hearings. There are three scavenging: 
titnni>s One of these is connected hy passages to the fn>nt of the main scc- 
inni of the crankcase where it <lraws olV the drainage from (he fr<nit section 
and a part of that from the main section, 'rite roar of the main section 
drains into a small suinti which is drained l»y the second scavenging pump. 
'Tfie inlet to (he third and innennost scavenging ]min|> is an (»penmg in the 
end i>lalc of the oil piinij^ asscinhly. 'Uns imnip drains the rear section ami 
iliseliarges into the oil outlet eoiniection cofiunrm to all tlirec scavenging 
I >11 nips. 

riiere arc two oil ]pressure regulating valves, inie of which is used lo 

the pressure at high siH*cds .nml the other to set the pre.'^sure at idling 
Speeds The high speed, or main vaKc. is a spring loaded (dungcr valve 
which lifts from its scat uheii (he (h'sired pressure is reaclic>l ami ilclivers 
(he CNCC.sS oil to the scavenging' iniinps Regulalion is accomplished hy 
liirmiig ill or out on the ailjnsimg'screw which raises or lowers the tension 
Ml the spring I'lic low spee«l a<l,itistincnt consists of a h<de tlirongh the wall 
separating the pressure oil system from the scaveiig'ing system and a needle 
valve which seats in one euci of this hole. 'I’hi.s Inde is of such area that at 
Ingh sju'cds i,id\ a small luTceiHage of the total oil circulating can he by* 
[s'lssed through it ami its ell eel on (he ]>re.ssure Is 5niall. AI low sjieeils a 
much larger ]>erceiilage of the oil circulating Is hy passed and (he pressure 
<aii easily he regnlalcd to secure the clesired value of twenty p<mnds ]ier 
s/juare inch 'riio necrlle valve cstemN f»n 1 shlc the crankcase rear section 
casting where it is easily aecessihle. It ns secured hy a luck nut and covered 
hy a screw cap 

Fuel Pump.—The fuel juimp i’ l<K*ate<l on the rig'lu-liand si<le of the 
crankcase rear section The nioiitidng (kkI is of the slanclard Ariny-Navy 
djie an<l is adaptable lo any one of several fuel pumps. The carhurelor is 
die Stnniiherg Model KA-V7A. Complete information on this accessory 
is given in the cha]>ler on Slromhcrg carburetors :ui<] in llie su|>plcmentary iu- 
si ructions to follow fiirn>shc<l 1>> (he Slnnnhcrg' Motor Device.s Company. 

Magnetos.—Ig'uiIioii is furnislu'd hy two Scintilla V-AG-9D magnetos 
nmuntctl on the rear .section of the crankcase. The righi-liand uiagnelo 
hres the fnmt .s(»ark]>liigs an cl the lefl-UamI magneto fi re.s the rear spark- 
I'higs. They rotate at I jij engine sficed and furnish nine electrical mijuilses 
Mery two revolutions. Inforniutiou on tlic construction and maiiilcnance 
"f the magnetos will he found m the special chapter furnished by the Scin- 
iHa Magneto Company in this hook. 

Ignition Wiring.—The wiring Is nihhcr-lnsulatcd and covere<l with 
'•nimellevl cotton hrai<l to prevent wear and <lclenoration. A brass mani- 
h^ld runnirtg around the nulsitlc of the crankcase at the rear carries the 
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wires to the base of each cylinder from which point they run up the intake 
pipe to the sj)arkphi|»s, Clips on the intake pipe and on the cylinder heac^ 
keep the wires front contact with the cyliinlcr. Radio shieldini; con he fur 
nishecl if doired. 

Carburetor Air Heater.^The carhnrclor air ho«ilcr consists of an alumi* 
nnm castin^c which is attached with six fillister-head screws <lirectly to th<* 
carburetor flange. A passage f<;r exhaust gas rniis through the casting* 
horizontally at right angles to the engine cruiiksbafl and is finne<l, both 
insiile an<l out, to afTord the maxitnuiii healing surface hetweeu the exhausi 
gas and intake air. This is shown immediately aliove the carlmretor at 
Fig. 597. The exhaust gas from cylimkT No. 5 is brtmght to an cllxiu 
bolted to one end of the air healer. At the other eiicl studs arc arraiigeil 
for a standard flange fitted with a pipe to discharge the cxhaiUHt gas intc» 
a manifold ur into the slipstream as desire<l. TUc exhaust connections 
are made with elbows of steel tubing welded to the exhaust flanges, a 
straight piece of flexible metal tubing being secured to the elbows by Hum* 
clamps. Copper and aslasttvs gaskets fit over the cylinder c.shaust port 
and the inlet and outlet exhaust iw»rts of the heater. Above llie beating 
elements is a valve which is coni rolled by a separate lever in the cockinl 
When ojien, this valve will shut ufT the intake air from the healer and will 
open another port to admit unhealed air to tlie carburetor. 

Hand Starter.—'I'he crankcase rear section is priwideil with a standard 
Army-Navy starter pad so any one <»f several types of starters can be mi)i 
plied at the option of the customer. 'I'he engine starter dog is locatc<l on 
the rear of the crankshaft extension. Information on the ifjieratioii and 
maintenance of the Aeroniarinc Inertia Starter will be found in the special 
chapter on installation. 

Generator Drive.—The rear section is provided with a stainlard Army 
E3 generator drive. This drive rotates at one and onc-half crankshaft s]n’t*d 
in clockwise direcllcm. (Observe facing i»pen drive.) On the upper ends 
of the vertical drive shafts in the rear section arc two Tyi*e K4 gun syn¬ 
chronizers. These rotate at crankshaft siieed and in o])j)i)sitc dircclion. 
A dual tachometer drive is located an the oil pnnip co\tT aiul rotates ai 
one-half crankshaft s]>cc<l in clockwise direction. (Observe facing the 
drive.) 

Propeller Hub.—The crankshaft is dcsigne<l to fit a short proj>oHer hub 
with niclal bladc.s. The instruct ions fnrni>hcd by the Slandanl Steel 
])eller Co. in llie chapter on installation, give coin|dete information on the 
assembly and disassembly of the propeller and bub. 


TABLP. OF SPFCIFU ATTONS 


For Wrii^lit Cydonr Knainc, .Mmlfl KI750 


Type.*. 

Number of cylinders . 

Bore . 

Stroke . 

Pi noil dispbcc'tnciil . 

CompresMoii ratio. 

Normal speed hi revidutions per mhiutc 


Radial. Air-cooled 
9 

ft.iJOO in. 

6.875 in. 
t7SU cu. in. 

5.0:1 

19ti0 r.p.m, 
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N'ormal brake borserwiwcr at sea level awl at normal r.p.m. 
with aviation RAsoliw . 

(xuaranteeH brake hnr>ep)>wer at sea level an«l al normal r.j^.ni. 

With aviation Ra>olmc. 

Dircelion of ortatum of crankslwft, ktokiuR at propeller end of 

eiicinc . 

\verapc weight nf eiiAincs. 

t Voter of gravity, distamv fi»rw«rrl of rear ucv of nvuintMiR 
bo^^scs cm n*nlcr line of rranksluft (witUnit projKdlcr Inih) 

fba meter rif twitmliiiA lull circle. 

NuiuIkt of mouniinft bolts. 

Srxe of mounliine bolfi. 

OviT.ill dimcnsimis 

1 .ciiglh .. .. 

Ib.intcUT ... . 

Monnlciig plate forward. 


535 b. bp. 

525 b. hp- 
Cntintcr 'Clockw ise 

7ti0 ll>b. 

505 in. 
in. 

0 

ik in. dia. 


4(1^ in. 
hMt ill. 
^7 Jk in. 


Ignition: 

MriKitrio . 

Dirniion of loiation of innKnctos, hvokiiiR at di ive*isiiip- 

iiDK etnl .... 

MaKnclo s|KTd . . 

.Magnet«v breaker i*imn cap . . 

SparktiliiR gap . 

Sjkirk occurs, ni crank shaft rlcgriw. Ufore lop dead center 


Srnitilla V AG-OD 
toiintcr •rh^kwisc 

I'h Oanksbuft 
(112 in. 

ms in (Il.c.l 
30* 


Valves and Timing: 

Intake npens. . . 

Intsjkc close.. . 

I•‘xlwm^t c»|K*ns . . . 

Kxlgiust cloM’s , . . . 

Intake remains o|>cn. in cranksluft tk'grecs. 

Kxliaust rcmaitis oiien. in ci auk shaft dCRiees. 

\ al\c lilt. . 

\ alve- 1 np|K*t clearance. Ixilb valves foi liming and running 


25'* ht.c 
Ml“ a h.c. 
»)• hhc. 
25- a.tx. 
2<.5' 

2K5* 

0.50" 


Fuel System: 

( arhnrcK'r tyiK* . Strirniln'tg NA-Y7A 

(•luaranfecd fuel lonsnmjnutn at gnarantctal in»w*cr and iu»r- 

mal s|K‘e<l, pi»unds |«er lirakc Ivirscpower Imiir.55 lb. pb. bp hr. 

I'nel pressure, pounds i>er Mjuan* incli. 2*4 lb. p. in. 


Lubrication System; 

i•ua^ante^l t»il consnmptkrti. iMiinids per lirakc li«>rscp<»wTr 

Ihuir . 

Oil Pressure, |XAiiid» |>er scinarc imli 

At .50U to 500 .. 

Al normal r.p.m am! re<Mmmcmlo<l oil temperature- 

Oimniity of oil cirniUwvl per minute at ni»rmal pressure. 

speed awl umiicriiinrc - . 

Minimum safe <inaiiin> of oil ni ulM»h sysum. 

Maxim uni |ienm>sililc miiIUi niiijier.iture oil inulcr worst 

ctmdilions. . 

Desirerl nuixiimmi oil oiillci leni|xfaHirc in normal o|iera- 

tl.HI . 

.^pwl tif git pump...;.. 

flirccliiin of rotation of oil pump, looking at driven end 
of oibpump bliafl . 


.(US Ih pb. hp. hr. 

20 111 p. s<|. in 
45 lo Ih. p. sQ. in. 

Ihs. 

4 gal. 

180* F. 

140“ b. 

IM X Crank.diaft (l|i) 
Counter <lockwi»e 
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Ho>c connections required between oi^inc and lubricating 
systum: 

Inside diameter . 1 in. 


KumliTT iti piiceA. 2 

Supercharger: 

Speed of ImjKllcr. 8 x Crankshaft 


Starting and Normal Operation.^l'cforc starting: llic cnc:ine for the 
first time, check the fidUiwinj; items: 1. Check over all mils and holts on 
both the cnjxijK* uiic] iliv iiimint and mi* llial i1h*v are li;;hl ami |>^^lKTl^ 
locked- 2. Check Ihc i»nn»eller huh ntits to he Mire that they are ti^ht ancl 
ccitlered ^ l.iihricale the val\e ''»th llu* Aleiiiite gun. A. h'ill the 
oil tank will) an aini»le i|tiaiil*ly cif oil for ihr nm (mimnimn (|naiillty four 
gallon^) and see that all lines are oiieii. 5. I'lll the gUMdine tank with the 
projx'i* Invade of g^:isriliiic. (*. flperate the throttle, inivtnre. and healer con¬ 
trols and inspect the levers on the carhnretor and ln*aUT to tnake sure tluil 
ihev hit tfie slojion both ends (d the travel vvithonl restrirtioti 7. C)]ierate 
the s]iark-a<lvam*c ctmlrol ami ins]K*cl (or full operation of the lever. K 
Sec that llie lachomeler and oil ]‘ressiirc gauge are pvo|ierly connected to 
the engdne and that the oil temperature tliermoinet<T hiilh is in place. 
Turn the engine over hy hancl to sec that every things is clcur. 

10. See that the jiriming line, t**^*i*P valve are jiroperly connected 
and in workings ortlrr 11. Open the cocks in the gas hue ami operate Ihc 
hami jmniji it supplied. Do not pump n]i more jiressun* than the fuel pres¬ 
sure gauge can iiulicate. See that gasoline is snpplicfl it* the carinirclor 
and that all lines are light, See I hat the earluirelor cloes not drij> gas ex¬ 
cessively. 12. See that ground wires are connected to the magnetos. 

Starting.—The items in the f«»rcgciing )iaragrajdi should all he checked 
the first time the engine is siarterl. It is reeonimcnde'l that hems 4. 5, <». 
7, 11 an<l 13 he chcckeil every lime the engine is started. After the pre- 
start Ing^ in.'^iicction has been conudeled. the engine is rea<ly to start ami 


should he haiidlc<l as follows: 

1, Give the engine several strokes of the priming' tnitnp. l’..Nj'erience 
IS necessary to determine the jiroper amonnl of prime for each engine 
About seven or eight stn>kes of the I .niikciihcinicr piimti are usually neces¬ 
sary. Excessive iiriniing has u tendency lc» wash the ml oil the cylinder 
W'alls and to cause scoring seizing of the sleeves ancl pistons. In cold 
weather the engine rcijiiircs more priming than in warm weather. A hot 
engine does not ordinarily reipiire jirinilng. 2. Turn the engine over a 
numher of limes with the ihrolile closed to suck the gas into the cylinders 
3. Set the throttle lever to the closed jiosition ami the mixture control u* 
"Full Rich.** The air heater valve should also he closed except in very 
warm weather. As a rule, easier starling will he cjhtuincd with the spark 
control at apjimxinialely full adviince, hut if the engine slnmUl exhibit a 
tendency to kick hack, it ni:iv he necessary t<i relarcl the s|iurk half way. 
This procedure i.s almost always necessary in cohl weather. 

4. Ojicrate the starter and allow the eiigdiie li» turn over a full rcvolulimi 
Then turn the ignition switch to the start position ami <»perale the booster 
if one is being used. 5. As soon as the engine fires, o]>en the throttle slow!) 
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the position where the tachometer will indicate about 600 r.p.m. and then 
;Klvance the s^i^arks The thr<»ltle is kepi cln>ed in starting to bring the idle 
.ystoni of the oarluiretor into tipvralnm when the engine is turnecl tiver l»y 
)1 h* starter. If the ihroUle is opene<l rapitllv when the engine starts to fire 
li^e idle sYsIcni discharge may he cut oil. C >pen the throttle slowly. 6. If 
ilie engine fails to start after se>eral attempts prime ag'ain and repeat. If 
the engine is overprimed as indicated hy tfie dripjiing (d gas from the car- 
lairet<»T, the throttle should he oiieiietl wide and the engine turned back- 
uard several revolutions hy hand, lie sure the ignition switch is olT. 7. In 
vslreincly cold weather the oil should he healed hefore filling the i»il tank if 
ilie |iliiue has hceii stamlnig in an iiiihcated hangar. If the engine fails to 
-larl after u reasonahle innnber of attempts, consnll the instmetirms that 
jirllow on engine tronhle to ascertain the possible cause. 

Ground Test.—Wlicn the engine start'*, the od gauge slundd lie watched 
for t>i’<?''^tjrc. If the pressure faiK In rise wilhiii one minute, the engine 
should he shut down ami an investigalioii iii:i*le. After tfic gauge imheates 
i»il )»ressure< the engine should h<* run at ii*) tn KtKl rpm. for two minutes 
or more and the throttle then opened slowly to 1 .filXt r ti m.. w here it should 
he held until the oil-«mtlet tenit»eialurc has etmie u]i to at least 8.^ degrees 
l alircnheil tdegrees C entigradej. In cold weallier it may he necessary 
lo run the eiigone at a higher sjjeed in hung the temiieralnre U)> to tlic ile- 
sired figure 'fhe sjieed may then he increased shovly to full ijirollle. The 
iiuNtnre control should lie leaned out until the engine is turning at the maxi¬ 
mum r full, 'rills may occur in the *'J’*nll Kich” jHisitioii. Observe the 
rpm , oil i)iessurc and t»d temperature. With tlie mixture control set for 
the niaxiiinnii rpiu. check the fiincliotiiug of the engine when running on 
one niugueto at a time. The sjK*ed slioiihl tiot drop more than 7.S r.p.iu. c)n 
tidier magneto. \\ itli the mivUire contnil set in the **l*‘ull Rich’* jxisitum, 
pull the tlindtle hack until tin* engoiie is iiUiug an<[ then open it ijuickly 
alunit half nav. 'I'hc acceleration slnmld he .smooth ami rapid. If all valves 
:k|i|3ear tmrrnal ami the opetaluMi is simHith. the engine is then ready (or 
Ihghl, )l sliouhl be reniendicred that tlie engine receives very poor cooling 
while oti the ground aiul ]»roloiiged ninning at full throttle sliouhl l>c 
nvoided. Alwavs head the tdaiir into the wiiicl wlien running the engine 
oil the groutul. I'nil the mixture control lever hack to the *‘J*'ull Rich*' posi¬ 
tion hefore taking off. 

flight Operation.—As soon as the desired altitude has been reached and 
dll* engine ha.s been tbrottled back to cuiismg speed the mixture control 
and I be air liealcr valve should be adjiisletl to give the best fuel economy, 
f irst set the throttle so the engine i.s Utrnitig about 30 r.p.m. faster than is 
desireil ainl then move the mixture coiitrid lever towards the **Lean'’ post- 


d<»n until the engine has sloweil dtovii to the <lesiretl speed. The heater 
wilve slumld then he a*ljnsted. The best position for the heater valve 
Wines, of course, with the condition of the alinosiihere. hi moderate 
weather it is )Jossiblc to find an intermediate position for the valve so that 
he maxiinuiii engine speed for a given throttle ojieniug can be obtained 
"ithont the formation of icc. In hoi. dry weather the best results may be 
htained with the valve wdde open, while in very damp, cold weather it may 
be necessary to keep the valve fully closed to secure the full heating elTect. 
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When the heater valve has heen adjusted it may he possible to lean out the 
mixture a little more. Roughness at ]»art throttle is an indication of insuf¬ 
ficient heat and may usually l»e ciiri*<l l»y increasing the aiii<miil <‘f heated 
air. When in dtniht always tise (lie air healer. 

The inslriimeiits shonid he noted at frecjuent intervals to sec that the 
powerjdant is functioning properly. The engine slumld he operated to 
keep within the following limits: Oil pressure, 45 to 65 pounds tier s<tuarc 
inch. Outlet oil temjicrature. not over \9t) degrees Kahreiilieit ffO ilegrees 
Centlgra<lc). Fuel jiressure. t>v<i aiul four pounds jier sipiare inch. If the 
oil pressure falls heUiVV 25 pounds, an iiuniediaie landing should he m:i<1e 
and ihecanse of the tmnlde located and reinoveil, Tl should he rememhered 
that, with the oil system used <in the CycUme, the jiressure naturally de¬ 
creases with the engine s|>red and due alhiwnncc for variation in the engine 
r.]Mn. should lie made. 

It is not so serious when the oil pressure CNCce<]s the hfgli limit; Init it 
shonid he correct<*<l at the cud of the flight. This correction can generally 
he accomplished hy adjusting (he relief valve. High oil temperature, when 
not cause<l hy atmospheric condition, may he a sign of troulde in (he engine. 
If (he outlet oil tem|H*ruturc rises above I>t0 degrees I'uhrciihcil a landing 
sliouUI he in^de as sixm as |H>ssil>]e. and the cause of the rise fletermnied and 
corrected. 

Landing.—When the thmUlc \% pulled hack in making a landing the 
mixture control lever should always he set hack to (he full rich 
This will insure giMxl acceleration if it liecomes necessary to ojicii the 
throttle again. Recause of the rapid healing und cooling rate of air-c<ioh'd 
engines, a hot engine should never he shut <lown rajiidly. exce|»t in emer¬ 
gencies, as such trcaimcnl has a tendency to warji the vuhes After a 
plane has lande<l and taxied to the line, (he throttle shouhl he .Oowly closed 
to 600 lo 700 r.p.m.. and the gasoline supply shut olT. The engine should 
he allowed to run in this manner until the fuel supply falls. If this plan 
of operation is followed regularly, the lime helweeii overhauls will he 
p-catly incrcasctl. 

Fuel Specif! cations .—The fuel used should he of the (y|>c known 
Grade H dome.siic aviation gasoline, as the use of oiher fuels is apt lo lead 
to unsatisfactory ojicration and serious flaniage to the engine. The inaiiii- 
faclurcr will as.sumc no rcs|Kiiisiliillly for the engine's pcrformaiicc when 
other fuels are used. In case of cincrgcncy, when api>r<ivc<l gasoline is not 
availahlc. Iienzol gas. ethyl gas or high test automolnic gasoline shouhl he 
used. The engine should then he o|>cratecl at reclucc<l Ihrultle with mix¬ 
ture control in the full rich position. Gasoline from ( alifornia base crudes 
is much su])erior to gasoline from the mid-continent and ICastcrn crudes 
for use in Cyclone engines. 

The following si)ccifications corresj>oiid to the Navy Department Speci¬ 
fication No. 7Glh of Dec. 1. 1924, for Grade 11 domestic aviation gasoline. 
Grade B domestic aviation gasoline shall conform to the following require¬ 
ments r 

1. The ga.soline shall he free from water and su spent led matlcr, 

2. Color—The color shall not he darker than No. 25 Sayholt. 

3. Doctor test—The doctor le.st .shall he negative. 
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4. Corrosion test—One hundred cu1nc centimclcrs of the gasoline shall 
cause no gray or black corrosion and ihc amount of deposit, when 
evaporated in a polished copper dish, shall not exceed three milli¬ 
grams. 

5. Distillation range—The temperature limits are as ffdlovvs: 

When live per cent of the sample han been recoveretl in the gradu¬ 
ated receiver, the ibcrmomcUT shall rca<l ni»t more titan 75 degrees 
Cctiligrade fK»7 degrees Kabreiihcil), nor less Ilian 50 degrees 
("enligradc (122 <legrces Fahrenlicit). 

When ^0 iKT cent has hccii rcc<»vercil in the receiver, the thenmmicter 
shall not rea<1 more than 105 clegrees C entigrade (221 degrees 
Is'ihrenheit). 


When j)er lenl has been recovered in the receiver, the iherimmicler 
shall not reu<l more than 155 degrees Cculigratle <311 degrees 
I'ahr<*iiliei() 

Wlieii *>** per cent has been reroveretl tn ihc receiver, the ihermometcr 
shall not read more than 175 degrees ( eiiligradc (347 tlcgrccs 
h'alircnhcil). 

n'lic end p<iinl shall not be higher than VK\ degrees C’cntigrade (374 
! I eg fees h'abreiihcil b 

At least 9o per cent shall be recovered as flistillalc in the receiver 
Croni tiic distillation. 

The disiillation loss shall not cNcced two per vent when the residue 
in the flask is ctH>lc»l and ailcle<l to tlic distillate in the receiver. 


(>. Acidity—rbe rcsnlne retiiainmg in the flask after the distillation has 
been completed, .shall not show an acid reaction. 

7 .^iilplnir Content shall not he over .1(1 per cent. 

Oil Specification&.'-Lnfiricating oils for use in Wngbt engines tnust 
coiihirm to the folUivvuig siKcificalions: 

1. Flash point— Method 110.32. The Hash |i<»lnl shall not be Imvcr than 
IfX) <legrees h^abrcnlieit. 

2. Viscosity—Melho<l 30.41. The vLsc<»sity, for .''lunnier use, shall be 

to 105 sec. at 210 degrees I•*ahrel 1 licit, am! shall he 75 to 85 .sec. 
at 210 degrees I'ahrcuheit for use in winter. 

3. Pour points—Mctlnid 20.12. The iioiir |M>ini for summer use shall 
he less than 4.S ilegrces b'alircnhcit and shall he less than fifteen de¬ 
grees l**Ahrcnheit for use in winter. 

4. Acidity—Method 510.31. To neutralize one gram of oil. not more 
than .10 milligram of jiolassium hydroxule shall lie rcipiired. 

5. Emulsion test—Method 32tJ.21. The oil shall scjniratc completely in 
<Mic hour (rum an cninlsiou with distilled water al a temperature of 
180 degrees KahrcnhcK. 

6. Carbon residue—Metluxl 500.12. The carhon residue shall not exceed 
2.5 per cent. 

7. Precipitation number—Method 310.1. The precipitation number shall 
Hot be greater lhati (ive-lentbs. 

8* The oil .shall be derived from a petroleum base and shall be free from 
fatty oils, resins, .soap ami other com]H>unds not derived from pe¬ 
troleums. 
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Tests—All tests shall be made in accordance with “Methods for Testing 
Lubricants and Li(|iikl Fuols“ conlained in Technical Paper No. 323R, 
Bureau of Mines. 1‘hc metIuMi numbers ^iven above refer to this paper. 
Copies of the pajicr may be obtained by at>t>bcatii>u to ibe Superintcndenl 
of Documents, Govcnnneul J'riutiu^ <-)jTic(*, Washinjilon. I). C. 

Engine Troubles.—Delermiiiinj' the causes of engine trouble is at times 
rather involved on acc<»iin( of the number of soiircc.s lo wliich a pfivcu symp¬ 
tom may be attribulcfl. The best luclInMj of “trouble slnKUin^** Is to first 
dcculc on tlic piissiidc causes ancl then cHiuinute theui one by one, starting 
with the most ]ir<d»able. T\us table td the commonest troubles and llieir 
causes is submitted to llic scr\ice men wub the object (»f reducing wasteil 
time aiJil increasing tbe reliability of the engine. 

Failure of Engine to Start.— If tlic engine fails to start, it may be due to 
any one of the following eoiidilions' I. l^acK of b'nel—IC\ainine the fuel 
suiiply. slml-oir crK*ks, ira|»>. s|raMKT>, and liosv comiections. 2. Under 
Priming <ir Over I'riming—^ee ni^truclioii'- on starling. 3. lloosler Mag- 
ncU» Defective—ICNumtiie and te^t tbe starlings magneto 4. 'riirottle (>|>eii* 
iiig InciMTccl' Tile lliroltle should be kejit elosctl until tbe engine starts 
U» lire and .sboiild then be ojienetl shovh to I he jHi'^itioii vvlicre the taclio- 
meter will indicate about r.iMii. 5 Defective Ignition W'ire- T.n amine 
iguiUoii wiring fur wear, break.s and uic<»rreel connections (», | irrty Spark¬ 
plugs — Ubeek the siniTk|jlngs for |»roj)er fmictioimig. (.'lean ami set ga)»s 
(B-G,» .015 indO. 7. Incorrect \ alve-Tapi»et C'learaiice—C lieck the valve- 
tappet clearance. K hicorrecl 'I'lming—ciieek the valve ainl igniluni tim¬ 
ing. 0. ^^‘aler in Carburetor—(.>pcii tlie strainer chamber drauicock and 
remove the two accelerating well plugs to<|raiti »iiV the gasoline ainl water. 
10. Cohl Od—With (he ignition '^witches olV. turn the engine over bv haud. 
If it is very slilT. it will be necessary to dram ancl heal the oil before start¬ 
ing. 11- Magneto Breaker Points—See thal the magneto breaker points 
are clean an<l have the |m»]»er gap of .*>12 inch, 'lest the sjiurk delivered 
Iw tlie magneto. 12. Miscellaneous—I^xanilnc the engine carefully for 
unusual con<|itions, turning <iver sltiwly by hand. 

Low Oil Pressure.--Lf»w <»il jirc>sure or none at all may result from the 
following causes: 1. Lack v»f Pruning—Disconnect the inl suctKui line and 
fill the tninip w ith oil. Turn the engine over by liaml nnld the ml is sucked 
inUi the inimp. ( heck the oil sujiply. 2. Leak in Suction Liiie.s—i\xaniinc 
the oil-suet ion lines for air leaks. 3. Dirt in Oil Screen—Kemt^ve iind clean 
the oil strainer. 4. Ini])roj»cr Setting of Relief V’alvc—Remove the cap 
over the idle oil-iiressurc adjusting screw. Iikxscu the locknut and turn in 
on the screw imlil a jiressure <d twenty ]>ounds is olilumed at nUing speed. 
If this adjusittnent does not give the rcconimended |iressurc at rated speed. 
reriKivc the cap. loosen the hn'kiuit anfl turn U]) on the main c»il-prcssurc ad¬ 
justing screw until a minimum of 45 t»ounds pressure at rate<l sjjccd is 
secured. If this pressure is not rcaehe<l until the screw is all tbe way. or 
nearly all the way down, tbe Irouldc lies somewhere else. Adjustment of 
the pressure may be made wilb the engine running and slumld be made 
when the oil is hot. 5. IC.xccssivc Hearing Clearance—A bearings may he 
worn enough to cut down the pressure, in which case an overhaul will be 
necessary. 
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Oil Accumulation in Crankcase.—The lillmjr of the crankcase with oil is 
usually cause<J l>y lark priininjj in the discliar^^c piim|). Disconnect the 
main <lischnr^’'r line fnuu the en^nie niul juit iui a Iwn foot leii^'th of pir<(en 
hose. XN’hile Inrnlnj; the cti^ine hackuanl, feed oil into tills hosc until a 
ipiart or so has heen suekeil in. C'lipck the oil |>uinps. strainers and lines 
fi>r failitvcs tir Oil may acrinnulaU* in the crankcase until the 

>cavcn^in;» iniinps are |iriine<l, in which case I lie Iroiihle will he i*cciifie<l as 
socui as the |>inn]>s siurl opcraliu^. This may take several minutes. 

Low Power and Uneven Running. —The full-throttle speed of the engine 
will vary liy 75 to UMl r.pin. under dilTercnt atmospheric comlilions, the 
greatest variation occurrini^ with the changing of the plane's angular posi¬ 
tion with regard the wind. Tt vvill aNo vary c(msi(lerat>ly with ihc con¬ 
dition of the ]>ro])eller. The engine shouhl not he considcrcvl low on jinwer, 
therefore, unless the drop in speed is e.vcessive under similar conditions. 
I.uw iiower ami unevrii running may \*c traced to any of the following 
causes: 1. Rich or I.ean Misiitre^Makc sure the mixture control lever is 
III the host posihiin. 2 Leaks in Tudiiction .System—]**\atninc the intake 
pipes hif cracks ami h»r le.iks at the cv finder and crankcase ctuinectioiis. 
lAaniiiie the carhiirctor ami intake manifold flanges for lightness. .L 
>]>arkplugs—See that all tfie sparkplugs are clean, that they have the proper 
clearance and that ihcv are nut lnini<*d. 4. \*ulvc ami \'alvc*(Tear Trouble 
• -Check the valve-tappet clearance, springs, washers, r<K*kcr afni<. ami push 
furls. Sec thal the valves are not .slicking. 5. ISrfir Fuel—Make sure the 
fuel Iwiiig use«l is a giwnl grade of rhmicsiic aviation gasoline and that it 
Hows freelv to the carhnreior. I•*ucl which causes «lclonation should not 
he used 'I'his coiidilion can he <lelcclcrl hy aihling hcn^ol or ethyl fluid to 
the gasoline being used and noting the iinproveiuenl in the jierformaucc 
of the engine, lie sure that ilic st»arkplugs arc in g<vo4l Ciimhtion for this 
test. Magneto Itreaker I’oinis See llial the niagmeto breaker jiolnts 
nre clean ami have the proper gaji of Ml2 inch. Check the ofUTation oi the 
tn.ngnirlos 

7- b'.ugmc Overheating—This coiidilion may he caused hy items 1. 2. 
.k and 5 under the head of T.ovv Power. It i> easily rcc<»gnized hy the fact 
duU the engine will run at noniial speed just after idling' and will then 
dowK fall f»n‘. Continued running of an engine cvliihitiiig this symptom 
IS liaido lo cause ronsvleralde dainag'e. so an invesligalion <*f the cause 
'luailrl he slarieil innne<lialel>. flther causes inclnde iint»roper cowling. 
<'sresstve air teiiijieraliire. thin oil. iiisulhcicnt oil cmHing. and piK>rly de- 
igiic«l exhaust manifold. 

Excessive Oil Temperature.—This condition may re.sult from: 1. In- 
•uHlciciit oil cooling'. 2. Iiisufiicicnt oil supply—There sluniUl be at least 
•our gallons of oil in the s^sleui. 2. Low giadc oil—.Sec lluil the oil being 
used is up to siiecificatitMi. 4. Siicliim pump failing ti> .scavenge the oil 
properly fnnu the crankcase.—Examine all oil lines for leaks. 5. Over- 
ealcd hearing—H the trouhle is not hnind aflcr an inveslig€alion of 1. 2 
nd ,3. a hearing may be overheating, in which case a disassembly will be 
’ ccessary. 

Carburetor Leakage.—Pecanse of the fire hazard, the engine should not 
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run if the carlmretor leaks ^solinc excessively. The leakaijc may he 
caused l»y: ). l.raky float. 2. .Stuck float. .1. PrHir seating of the needle 
valve. 4. Wear <4 the fulcrutu ]hu In auy case, ilir carhurelor .shtmhi 
be rciiiox'cl aiirl rhcckcd over. If llie llrjal has been leakinj;, the ;tasolinc 
shotihl h<* rciuovir<l. the hole s<»hlcred. aiul the float iiuiucrse<l in hoi water 
to test for tij^htnes.s. Lcakaj»e by the needle valve ran he remedied hy hold¬ 
ing the valve iti position on the seat and taiiiiinj; smartly with a small ham¬ 
mer. 

Cold Weather Precautions.—In extremely cold weather it will he neces¬ 
sary 1 o iirehral the <nl hch*re starting; if a heatvil hangar is not availahle. 
A Boreal deal of time can he save<l by draining; the cnl fri>m the tanks as 
sotm as operatirm.s for the day are concluded ami before the oil has cooled 
oiT, Tf left in the tank over ni^ht, the oil may become so viscous as to w 
quire consiclcralde lime to drain. In cold weutlicr it is also advisable lo 
have some sort of la^j^nujr on the extewial oil lines In ami from the tank. 
This will result in hi^'hcr oil tcm|>eraturc at cruisin|j speed and will decrease 
the danger of stoppage due to congealed oil. A layer t»f asbestos cord, 
shellacked ami then vvrapjjed with friction tape provides very gotul insula¬ 
tion. Lacking a.slicstiis, several layers of <»rdiiiary packing cord can be 
lise<l. A large si zee] oil-pressure gauge line is essential in cold weather lo 
obtain an immedialc imlicatiou of any pressure variation in the engine. 

Inspection Poutine.—In cirder pMibtuin maHtnuim reliability ami service 
from eiig^iiies a regular schedule of uist>eciioii nml ov<Thau]s should be 
maintamctl. Serums failures verv often ari^c from minor causes which a 
few niiniUes ius]>eclioii could have averted. The foUnwing schedule is 
suggested, this being practically tlie same as rcconimemled previously for 
the "\VhirKvin<l*‘ engines. 

Daily Inspection.— 1*1 very flying day the following ins|K*ction shouUI he 
made: 1. Arc the sparkplugs tight? 2. (irca.se the riicker arm shafts with 
the Alemite g'lm using a No. 3 grease free from graphite or other com 
])oumls wliich will cause cakitig on the exhan.st valve stems. 3 Arc igni¬ 
tion terminals .secure to wires and plugs and is insulation on wires intact? 
4. Is cc)ui[iression normal? 5. Arc carljureli>r and carburetor nianifol<i light 
at securing flanges? 6. Arc fuel tanks filled? 7. Is oil tank filled? 8. Arc 
magneto gronml wires secure? 9. Arc throttle, mixture and magneto con¬ 
trols free Ihronghoiil (heir range? 10. What is full ihrutllc r.p.m.? 11. Is 
engine operation goiul on either magneto? 12. Are value.s of oil pressure 
and tenipcralurc normal? 13. What is g^asidine pres.surc? (Should be 
two-four ^Hiuncls per K(|uare inch ) 14. Arc the air heater connections 
tight? Make sure there arc no leaks between the coils of the flcxihic tubing 
as these are at)t to grow into breaks very rajiidly. Twist the tubing lo 
lighten up loose coils. 

Twenty Hours.—After every twenty hours of flight the engine should 
he insjiccted as follows: 1. Kenu>ve the r^veker box coveis and make a check 
of the amount oi motion of the various parts. I f the tappet clearance seems 
normal it should not be disturbed. If any part seems tu Iiavc too much 
motion, or if the tappet clearance is excessive, the rocker arm and push nxl 
should be removed ami the cause determined. Check the oilending part 
against the maximum allowable clearance as indicated in ilie clmrts in this 
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liapter (Fips. 608 to 612 inc.) and rqdaccd if this is cxceHed, and if in the 
iftinion of the operator it seems a<Ivisable. 2. Are sjiarkplug |>uints clean and are 
'aps set at i)ropcr clearance? (.OIS Inch bir H. (}. Arc mils 

m inlet pipe upper flanges tight? 4. Arc inlet pipe packing nuts tight? 
\ Arc cylinder hold down mits tight and arc Palnuts in place? 6. Arc fuel 
rtrainers clean? 7. Arc fuel lines and coiuiectioiis secure an<l free from 
leaks? 8- Is lock on gasoline pum|) pressure adpisling screw secure? 9. 
Arc oil Strainers clean ? 

10. Drain the oil from the tanks and lines and flush with kerosene until 
jicrfeclly clean. (Ih* ih» 1 use kerosene insifle the engine.) Replace the lines 
ami pul four galhuis <if clean imI in lank. Run the engine for twenty niin- 
(ites and then drain out all the nit again. 1'ilt the tank with clean oil. Great 
care shouhl l^e laken U\ sec that all Ihc oil lines are replaced proj^erly and 
ilicrc arc no air leaks. Small air leaks are iijit Ut interfere scri<uisly with 
the proper funclioning of the hihricatmg system. 

11. Arc engine luouuiing Ixdts tighir 12. i^oes earli luagiieto get full 
advance when oj»cratcd frenn c<»ckpit? \^. Are niagnel<» breaker j»oiuts 
clean and gai's set at .012 inch? 14. Arc magneto eoujilings in good con- 
<lition? 15. Rut four drops of mediiini machine od in rear magneto oil 
li^des. Fill front holes. 16. I.nhncutc the carlnirelor thnutle sluift hcar- 
iiig.^ and all parts of the contrr»l mcchmiism where friction la present. 17. 
Arc iirr^pellcr huh lock nuts tight? 

18- 1*hc‘rocker httx hcPiising slumhl hiive at least .O.H inch clearance over 
the jiail jjn the loji of the cylinder. 'I'his is set on a new engine and will 
never decrease unless some part is .stretching or wearing. 'I'he push rod 
lionsiugs should lie tight at all times when the engine is hot and should he 
checked hy shaking the lop ends of the hou.**ing.s. H any housing is loose 
the clearance she mid he reset to .051 itieh to .O.L*i inch hy first tapping the 
rear end t>i the rocker hox with a rawhide hamtner and then tiimiiig the 
push rod housing adjusting luit wilh tool \VA-256 to obtain the c<»rrcct 
value. This will alter the valve clearance which should then he readjusted. 
A slight amount of push rod housing looseness on a cold engine is permis* 
slide and should not be di.stiirhed. It is advisable to run the engine at part 
throttle for at least *4 ot* hour twice a week in order to keep the inferior 
parts flu.slied with oil. This will jjrcvent the vai>or due to condcn.satiun 
iii the craiikea-''C fr<jm rusting .steel parts. 

Overhaul.—It is sug^gested that the compression, as mded in item 11 
of the dad inspection, he cliecked very carefully ou each cylin<Ier. As soon 

one is found to he U\\\ il should he removed, the valves tested ior leakage 
and the piston rings checked for lecisiou. The valves should he ground 
iiud the piston rings rejdaced when necessary. lu this maimer the engine 
^au he keiJt up li» power and .speed. It is soiuctimes very dilVicnlt to distin- 
liviish between a valve which is leaking and tme which is being held open 



die engine for several minutes and then try out the nnujiression again. 
* he length of the periods helween complete overhauls varies with the sever- 
'' o( ilu* service and ^e^ts largely wilh the judgment of the operator, Untlcr 
' 'rmal conditions the Cyclone engines will operate satisfactorily for 200 
300 hours before com))letc disassembly and overhaul hecotnc necessary. 
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Disassembly.—When tlie condition of the engine seems lo warrant a 
general overhauling, il should l*e rrmoved from the ship and setit lo the 
overliaul dejiot. This should he a clean, light >lu»p, provided with a bench 
lathe, drill jiress, arbor press, hnfliiig wlieel, engine stanti, ami a complete 
set of the overhaul tools as fnniished by the engine makers. The best over¬ 
haul stand is the type which permit.s ndating the engine lo any desired 
angle as previously descrihed in connection with overhauling the Wright 
“Whirlwind** engines. The ineehnnies are then able lo di» each part of tlic 
work with the engine in the most coiueiiieiU jiosilion. If this type of stand 
is not available (lie lower half of the engine shiptdiig hos can he used when 
it is de.sired lo have the engine in (be upriglil |Hi>i(ioii and a stand of (he 
type shown in photographs slum mg removal id fnmi ct»ver can be con- 
strncted tobolrl ii in the invert(*d ptisidmi. It has been a^Minieil in the text 
tlial the njlaling t> pc of stand is imt uvadahic. 



Pig. 604.~Method of Grinding ^'Cyclone** Valves Shown at A and Method of Remov¬ 
ing Valve Stem CoUar Lock Shown at B. 

Inspection Bench.—As each jiarl is removed, it sin mid be washed in 
gasoline and jilacetl on the insjicetiem bench. The beneli slumld be hicalvd 
near the disassembly and where it will receive a gisid snpiily of light. 
A drop light is ncces>ary for insiiectiiig the cylinder bi»rrs nn<l valve >cats. 

A service tocjl kit is furnished by the nianufacturcr with each engine. 
This outfit contains tools sufficieni for the general servicing of the engine 
and should be carried in the plane for use in emergencies and is very similar 
to that furnished with “Whirlwind** engines. For ccunpletely dl^as^clnbling 
and reconditioning the engine, a number of special t«K»ls arc absolutely 
necessary. A rejiair dei^d handling any great mini her id engines should be 
equip]led wilh a ctnnplcle set of these Unds. the iHitfits shown at Figs. 57.^ 
and 576 in the precciling chai>tcr are ty]>u*al. 

Disassembly.—The following instrurtiems for ilisa.sseinbfy are presented 
in as great detail as s]>ace permits. In the event that any jioint seems oh' 
scure it is suggested that the sectional views of the engine shown at Figs. 
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598 and 599 be consuUe<l. Il wiU also be necessary to consult the assembly 
ilrawinjjs from tiiTje to lime, as references are frequeiillv made by part 
number instead of name. This was done to avoid confusion due to 
(he similarity and cc»in]>lcxit\ of some of the part names. 

Cylinders.—As .somi as llie eiij^me is coiivenienlly set «]>. the work of 
• hsassenibliti^^ can be starled. tind VV;\‘5iK. loosen the tbnist-bearing 

nut. This nut slnmhl not be removed but should be ton.scued while the 
v|)arkpltigs are still iu the engine. Keniove all 5])ark|dtigs and then the 
intake jM))es. Eeuiovc the itirec ea|>-serews at the nilnke pipe Hauges and, 



Fig. 60S.—Removing Front Cover of Wnght **Cyc1onc'* Engine. 


using innl WA-2^». hsisen the packing tin is at the crankcase ends of the 
pipes. Detach the ignition wires from the clips on the cylinder heads and 
uitake t>ipe.s, an<l remove the intake pipes. It Ls advisable to leave the No. 
' cylinder until the last to prevent the rods from slapjiiiig about. 

Set the piston of the first cylinder to be removed on the approximate 
center and remove the cylinder hold-down nnt.s. Remove the push-rod 
' msing lower stud nuts wilh tool W.\-319 and iml! olT the cylinder, taking 

• ire that the piston docs not swing over against the adjacent cylinder. Care 
'joulcl also be taken not lo drop the push nnls when the cylinder is removed 

• ' they will be loose in their housings. 
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As sooTj as a cyliiuler has been removed, the piston should also he taken 
off to avoid injury in .su* seejuent cjjierations. 1 wristpin out or ta]k 

it out uiili HIkt ilrifl In this <»])vraliuu can* sin mid lu* taken in 

avonl flalteiiin^^ the wristpin plu^^ as this is liable ti> lead to scorinj; of the 
cylinder walls. Remove the rest ui the cylinders and pisttms in the same 
fashion. 

To disassemble the valve g'ear, set the cylinder on a wooden block so 

shapc<l that it will hold the valves in place. Remove the n»ckcr-h<>x covers, 

the C(dUT t>iiis, nuts. >vashcrs. r*»ckor-ann tiins. ami rt»ckcr arms. Sli]> a 

.sin<iolh piece at .steel hmI thrmp'li the rocker-arm inn holes, and, usinp 

valve-sprinj; c<nni»re.sM*r W'A-.VK). compress the valve sjiritij^.s as slnnvn at 

I'i^, (itM lb As siMiii us the s[jlit locks base l>cen rcimwed. tlie spring's and 

retaining washers arc free aiul can lie taken otT. Keiimve the colter i>ins, 

nuts, washers, atnl the rear spring ami remove the rocker boxes and push- 

rod housinipi. 'I'he washer uiider tbe rear spring is apt to be forj;olU*n and 

hist, j^etiuivc the wire circlets from the valve stems and take the cvlin<ler 

* 

off the hlnck. hohlnij' ilic valves so I bat they will not fall through. Remove 
the vabes, taking* care Ihut they do not touch and nick the cylincler walls. 
To renmve the push-rod honsin|*s. hsiscii the locknuU and hack off on the 
adjusting uui.s until free. 

Front Section.^Removc the lUrnsl-bearinff mit and the liol<l-down nuU 
on the front section. Remove the brass plujjs in the three imllcr boles in 
the front .secturn and insert the llirec pullers, \VA-.tl(). ' 1 * 0 rn down evenly 
on all three until the thrust liearinj; is free ini the shaft and the front cover 
can be carefully removed. Take off tbe six hol(b<lown nuts anrl the tlirusl- 
bearinj' housinj; cover. Lay the section on a bench with the front uj) ami 
usinj^ a small lirass drift, tap the inside u]i|kt corner <»f the hearing lightly 
until it drujKS ont of the housini^. The huiism^ cun be removed, if necessary, 
Using two the ]nillcrs WA-dIO us shown at Fig. fiOS. 

Intermediate Section.—Push hack all the cam follower rollers until they 
arc clear of the cams and remove the s]>ucer and cum hearing Jl.m. Lift 
off the cam, taking care not to .strike the bahlnttcd hearing against the 
craukshafl, ami remove the camdrivc g^ear To remove the earn fol¬ 

lowers or tai)i>cts, take off the circlet.s at the iipi^er ends and push them 
out towards the inside, The rollers and tuns arc loose and w'ill fall out if 
they are nut held in jdace. The gunles may he removed toward the inilside, 
'I1ic followers and guides arc a selective lit and nuisl be kept together. It 
is therefore advisable t<i rc-assemhlc them immediately after they have heen 
removed. 

Remove the colter pin and niit and lift the cam gear and pinion off tlic 
pin. Remove the bold-down nuts and the puller hole plugs and insert the 
three pullers W.A-.^IO in the holes provided fi>r that imrjxise in the outer 
edge of the intermediate section. Turn down slowly and evenly on all three 
and lift off the intermediate .section. Invert the section, remove the colter 
pin and the large nut 20,361, using wTcneh WA-327. 'I'hen take a piece uf 
halLinch round bar stock and, inserting it in the hollow pin from the rear, 
drive out the camdrivc pinitm pin. I^e careful not to injure the threads. 
This pin is a very close lit and should not l>c removed unless it is known to 
be defective. 
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Articulated Rods.—Cut the safety wires and remove the screws and 
riucklc'pin lockplates. Do not lose the copper washers under the screw 
heads. In removing the knuckle pins, keep the round pari of the crank- 
, (icek adjacent to the pin being removed, in order to insure ample clearance, 
i xiiig puller WA-3i3, remove the knuckle pins atwl take out the articulated 
Nuls. He .sure to screw the puller all the way into the knuckle pins to 
jMiid stripping the threa<is when force Is n]»plied. 'I'his operation Ls shown 
;il Fig. 606. 



Pig. 606.^Removing a Knuckle Pin from Wright ^Cyclone" Engine Aeaembly. 

Crankshaft and Master Rod.—Turn the crankshufl until the counter 
"ci^liis arc directly over the shank the master n»d and place the hoisting 
CM* \\'A-3.i7 on the end of the crankshaft. I'siug the chaJU hoist, lift up the 
shaft and rock it slightly until it is hH»se in the case. Then tip it until the 
master uh\ can be withdrawn from the No. 7 cylimlcr opening and lift the 
'Nholc a.sseu»hly out ui the crankca.se. Place the front counterweight ill a 
'ise, the jaws of which are faced with soft copper or hra>s, an<l remove the 
‘•►Her pin from the clamp screw. Using tool \VA*.^40, remove the clnuip 
MTcw and w^ashcr. Inscrl wedge \VA-316 in the slot in the rear section 
t'f the cnink.shaft and tap down until enough clearance is ohiaiue<l to .slide 
die rear section ofl* the crankpin. The master rod can then he pulled off 
the crankpin. It is not usually necessary to remove Ihe frotit hearing 
deeve; hut if this should l>e re«(wire<l. it can* he accoiiiplishcd hy inserting 
‘ i^unted brass drift in the oil hole «atid tapping it F<iruard. To remove 
'' i* rear hearing, which is also usually unnecessary, place the rear section 
•; K vise, remove the colter pin and hack off the spanner nut with tool WA- 
' Lift off the slingcr and lap the roller l)earing off toward the rear. 








607.—Method of Removing Supercharger and Generator Driveshaft of Wright ‘'Cyclone" Engine Shown at A. Method of Remov* 

ing Supercharger Section Shown at B. 
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Rear Section.—Lift the case hy the rear hnisting eyes and set it down 
with the rear section iijk Remove the carlmretor, wrench WA- 

314. Disconnect the nia^;neto-control rods at the control shaft end, dis- 
en^ge the magneto couplings and remove the magnetos. To disengage 
the couplings first remove the lock wires aii<l then push the couplings 
towards the magnetos, ndating them slightly to catch the teeth of the 
roupling gears hchiud the teeth of the gears on the magnetos. Remove 
the generator by taking ofT the four holdnlown nuts un the flange. Remove 
the hohl-down nuts and the five induction passage seal screws. Using the 
three pullers WA-310, lift <»IT the rear section. 'I'lu* oil |mtnj» is removed 
hv taking off the hol<Udc»wn nuts and using one of the three pullers WA- 
310 in the tapped hole provided. 

Disassemble the Oil Pump as Follows.—Retimve the hmr nuts and wash¬ 
ers on the four long s(ud.< and the three screws holding the lachotneler 
drive to the outer face of the tniinp. Remove the tachonicter drive and. 
holding the pump in the haiul. tap «»IT the front cover. The four studs and 
ilic two dowels arc held in this section and will conic out nith the cover. 
The gears tm the idler shaft 2().950 arc free and can he slii)pe<l off while 
tliosc on the dri\eshafl 21.023 keved mi and must he >vorked off wiili a 
screwdriver. Rciinne the two gears exposed when the front cover is taken 
off and alst» the key. I'aji i>lT the other sections, removing each pair of 
gears as they arc ex|H>sc<l. 'I'o remove the* tachonicteT clHvcshaft, unscrew 
the large hexagonal nut and withdraw the shaft and gear. The fuel pump 
can 1)0 taken off after the removal of the four lici]<hdo\vn nuts. The <lrivc 
gear and hearing can then he rrim»vc<l hy tapping fnnn the in.'ii<lc- Slip 
off the lockring at the <niter end to remove the drive gear. Remove the 
nuts and washers on the synchronizer studs. an<l tapping up>vard on the 
Inside, loosen and remove tliu synchrtniiiiers (or covers) ancl the vertical 
driveshafts. 

To remove the magneto dn>cshafts. hold the coupling gear and remove 
Vlic cotter jnii and mil on the inner end. Drive the shafts through the drive 
gears toward the outside. Tap the generator drive out toward the rear and 
withdraw the generator-drive gear from the hushing in the rear section. 
I'o disassenihle the generator drive, remove the lockring and nut from the 
rear end and withdraw the shaft. To remove the coupling gear from the 
magneto, hold the gear lightly in a vise and take off the nut w ith a socket 
uronch. 'i'hcn rctntive the gear with puller WA-IO. Removing this gear 
without the puller is very difficult and generally result.< in injury to the 
magneto shaft. 

Remove the two mit.s holding down the hearing cap and with a lead 
hammer tap the supercharger an<l generator <lrivcshaft until it is free and 
< an be taken out as shown at Fig. 607 A. Remove the cotter pin and nut 
'■•n the forward end and tap the gears off the spHned shaft. These gears 
iced not be disasscmhlcd unless they arc known to be defective. 

Remove the six nuts holding the impeller-drive bearing support 21,149 
^n place and pull out the assembly. This group need not be disassembled 
niless it is desired to replace some part. In that case, j^roceed as follows: 
•'Remove the cotter pin, securing the nut 20.563, and with tool \VA-3ll, back 
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off on the nut. The crankshaft extension 20.495 can then he tapped out 
toward the rear. By removing the six fi I lister-head screws, the crankshaft- 
extension hearing and housing: can he remuxed ami the hearing; tapjied out 
of the housing. If either the supercharger and generator drive gear 21.255. 
or the accessory drive gear 20.490. is to he reiduccd. the rivets must he 
drilled out and the assenihly rc-rivcUotl. lieforc heading over the rivets 
clamp the parts securely t<»gether. When eoinplcled. set the as>ciuhfy u]» 
in a lathe .ind check with an in<licntc»r. All <»f the serial nuinhers given arc 
the maker's jiart nninhers. 


Mr* 4 MMf 
fmM 


T 

I C't' 



Modd 

R-1750 

R4750a 


CUttrunte lirawint 
CyUii<ir, CntkpUt A.lip«ffhirgtt 

£Mt«) 


Fif. 608.-^CI<araace Drawing Showing Wright '‘Cyclone** Cylinder. Crankpin and 

Supercharger Drive. 
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Supercharger Section.—There arc two stinls and «ut!« holding the super¬ 
charger .section to the main section. Thest* uut.s sh(»uld he removed with a 
long socket wrench \VA-313 and by in cans of jKillcrs \VA-310, the super¬ 
charger .Kectkm siKinId he rcnio\cd as shown at Pig (i)? It. To remove the 
iiii]>cller for inspeclion proci.*o<l as follows: W'iih a sharp screwdriver lap 
hack tlic metal of the ini(»cller-rctainiiig nut 2(),f>W where the setscrew 
20.920 has been locked in with a center punch. This shtaihl he done care¬ 
fully in order to avoid slripjiing the screw threads. With a small screw¬ 
driver which just fils ilie screw slot renicoc the setscrew. 


Set ihe section up in a vise, the jaws <d which are faced with sofl copper 
or brass, holding it hy tlie fluiige at one si<le. Hole! the imjwllcr-shaft rear- 
hcuniig nnl 2I).*IS4 with tool loc*sen the iinprllcr retaining mil 

J(),()S4 aii<l r<*iu<i\e, Scriwv puller WA-324 into the in^ulc lhrca<l of the im- 
|)cller and wdtlxlraw it {nnii the shaft. Still holding the supercharger in 
(111* vise, remove the cotter pin and with UhA WA-.^5fj hack rdf mil 20.450. 
'raj> the inijjcllcr-shafl bearing'cage out of the superclinrgaT .seclj<»n and set 
i 1 in a vise, grijiping it by the splined shaft. As this shaft is hollow, care 
slioulcl be taken not to distort it by Phi nuich prc'^sure. Kernovo the cotter 
pill and with tisd hack otT the rear bearing' nut 20.4K4. 'riie im¬ 

peller shaft aiicl the rear hearing can llien be tap)>e<l out toward the rear 
of the cage and the bearing tapped olV the shaft. 

As a conseiileiil method <»f holding the cage iluring the ne.vt operation* 
)iul 11 back in the sui’ercliarger section, not forge 11 mg' the key. Remove 
I he coIUt pin and using' tool W.N-difi. back off on the front hearing' nut, 
2().4f/» The front bearing' can then l»e tajiped <jnl of the cage. As there 
are several slingers in this a*«semhly wlneh are almost alike, special notice 
slioidd be taken of their arrangement in i»rdrr to prevent mistakes in as- 
seinlily. 

Oil Seal.— Uenmve the two spacers 21.228 from the studs and lake out 
(lie six flat-head screws w Inch hold the ml seal to the rear wall of the craiik- 
Keach in t)i rough the hi lake p4»rts with two long screwdrivers and 


case. 


loosen the oil seal fdate until it can he lifted off over the slmls. 'I'akc off 
I he circlet 21.12.^ aii<l remove the impeller inl-retaiiicr hushing 21,121 from 
tfie oil-seal asseinidy. 

Crankcase.—'To facilitate cle.aning the oil passages in the crankcase lake 
out all the plugs and linger .strainers which are located near the bottom 
of the case. Rnneoe the two lifting' eyes in the top td the ca.se. These 
liliigs and all j>assages are shown in the sectional views, Figs. 598 and 599. 

Inspection and Repair.—After the engine has been completely disassem- 
hle<( and the ]»arts laid out in groups on the insix.‘ctioii bench, they should 
he very carefully checked fur defects. As a guide in this work a series of 
clearance charts is given at Figs. (i(l8 lo 0l2 inclusive. The ma.Kimuni and 


niinimum clearances allowed in manufacturing are shown on the chart, as 
well as the maximum clearance that is alluvvahle in service before a part 
should be replaced. The latter figures arc given more pnnniucnce by being 
nnderlitied. These clearances should not be construed lo mean that any 
part showing less wear is always satisfactory. The aiijiearanee oi a part 
very often gives a better indication of Us condition than iloes the actual 
dimension. The underlined ligurcs are suggested as guiiles only where 
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looseness is the main consideration. When clearances are found in excess 
of those notedf an investigation should be started to determine the cause 
which is very often tracealde to the wear or failure of some other part. 
New parts should he gone over very carefully and inspected for burrs or 
sharp cortters. Burrs can be removed with a sharp scraper or a fine stone. 
This inspection is especially im]>ortanl in regard to oil holes in steel parts 
which are to run in liabhiit. or bnnize bearings. 



Pig. 609.—Clearance Drawing Showing Wright ^Xyclone" Crankshaft, Camgear and 

Valve Tappet. 

Pigtons.—The pistons should be examined for scores, cracks, erosion 
and flatness of head. If cracks or severe erosion are found, or if the head 
is concave by mi>re than inch, the piston should be replaced. Light 
scores and rough sjxits can lie snnK>thed over with a fine stone and kerosene- 
The clearances are shown at Fig. 6()8. In replacing a piston ream the wrist- 
pin bosses with n inch expansion reamer until the pin has .0015 inch 
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clearance. Durinij the first nin the hos.scs will close in on the pin leaving 
it a hand push fit when cold. 

Piston Rings.—To check the piston rings for end clearance, set a piston 
in a cylinder with the holtoin end '/j inch from the end of the sleeve. Then 
set the ring to be checked inside the sleeve ti|> ngairii^t the ])iston. Such 
a position insures it.s being square with the cylinder bore. With a set of 
ihickncss gauges, check the clearance between the ends. If this clearance 
cxcectls .050 inch, replace the ring. The jnstem-ring side clearance .should 
be checked with the rings in ]Mtsition in the piston. The c(»rrccl and maxi¬ 
mum allow'ablc clearances arc given on the clearance charts nl Fig. 608. 
IC.xaininc the rings for burred olges and, if necessary, run around the edges 
of each ring with a fine stone or file. 

Scratjcr rings arc liable to wear in more rnjndly than compression rings 
• Uic to I he higlier bearing t»ressure exerlcil. If the contact surface is more 
than half the width of the face, the Hug shoubi be rc]>lacpd. The sticking 
of rings in the grooves is caused by the formation of excessive carbon and 
all ring grtuwes, therefore, should be cleaned out. When rennwing the 
rings be sure to kec|» them in the proper onlcr so that they can be returned 
Ut the same gnnw'cs from which they were taken. This practice avoids 
unnecessary labor in refilling the rings in the gnxjvcb. The rings should 
be re(>laccd wuh the side having the better hearing toward the bottom. 
King.s with l>h»wbyes or hurn.s can usually be lapped into a good bearing 
surface. 'This depends largely upon the condition id the ring anil the de¬ 
cision ns to whether or not the ring can be reclaimed rests entirely with 
the inspector nr mechanic. When lap)>iiig in rings use an ol<l pi.^lon. 

Newv rings slnmhl be carefully fitted fi»r Imth side and end clearance in 
accorrlaucc with the clearance.s given on the drawings. The side clearance 
is nicasurcil with a thickness gauge when tlic ring is in place, lie .sure that 
the griMive is free frimi carbon. The clearance can he varictl by reiliicing 
the thickness of the ring in a grinding machine. It a grinder is not avail¬ 
able, a lapping plate or a sheet of fine emery cloth sn|Ji*nrled on a smooth, 
llat surface can be u.sed. Always check the ring with a micrometer t<i make 
Mire the thickness is the same all the way around. The cn<l clearance of 
the new ring shoubi be checkecl as <leseribed in a previous jmragraph and 
the clearance varied by filing the ends of the ring. 

Piaton Pins.—l*ist«ni pins slunibl be iuspeete<l for cracks, wear and scor¬ 
ing. Cracked jiarls should be scraiii>cd but. if the scoring or wear is not too 
serinns, the ]iin can be smoothed with a fine stone. If a pin is rc]>laced the 
piston Ixisscs shoul<l be reamed ont as de.scribcd in the foregoing paragraph 
concerning pistons. If the old pins arc Uh) tight in the piston the bosses 
should be reamed out until the pins are a hand push fit when cold. 

Cylinders.—Insfiect (he cylinder bores for smo«ithne.ss and. if necessary, 
touch lip any scores or nnigh spots with a fine, round stone. Check the 
bores for roundness with sjiocial dial indicator fitting. When inspecting 
ihe valve seats it slumUl be remetubered that carbon jiartides on the seats 
arc very often mistaken for t»its in the metal. A small scraper of convenient 
^hape is very handy for determining whether <»r not a ]ui is genuine. Varia¬ 
tion in the color of the valve seats is an indication of the degree of valve 
tightness but does not show which is at fault, the seat or the valve. The 
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trueness of the seat can be checked by hiscrtin^f the valve seat cutter WA- 
333 in place and tnrniti^ it through a complete revolution. The pressure 
on the cutter should be just riuiu^h tn pnlish the scat without removini? 
a perceptible amount of bronze. It may occasionally be necessary to recul 
a valve scat, vtsiuj; ic»o! \VA-.I33. <luo to irrcKtdarjty nr cvcenincity nf the 
surface. Thi.s should be done carefully to reTno>o (he least auunnit of metal 
possible 
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Fig. 610.—Clearance Drawing Showing Section Through Wright “Cyclone'* Engine 

Accessory Drives. 
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The valve constniciion und clearances arc simwn at bijj. (ill. Valves 
can be reface<b when absolutely necessary, ift a .statuhirtl Naive facing,** 
machine. The valve-seat face shcnild ne\er l>e wider than the valve 
face. If this condition iiccurs. the width of the valve-seal can be reduced 
hy usinp a 30 rle^ree culler in the staixlard valve-seat cutting tool and re¬ 
moving' that porliou of (be seat which estends beyoncl the outer ed^e of 
the \al\e. 'Die wultli of (he seal slionhl In* aliout inch less than tlu' 
width of the valve face. The valves may next be !apj>ed in, usiu^ Clover 
“A*’ comp<)un<l or its ef|uivalent. The valves should then be tcstc^l with 
gasoline f<»r tightness and (he cylimlcrs very carefully washed to remove 
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nil traces of the coiniicmtul. Tl i< very rarely that n valve seat 

works loose; 1ml if this cK'curs. the cylhuler should l>c returned to the fac¬ 
tory for re|>laeemcnt «)f ihc part. 

Valve Guides.—'rhe \al\e slmuUI he ti^liC in the cylinder heads 

aiirl the 1u»res slioiitd he snitMilh. If Uiosc. they >houl<l he rej)iaced with a 
larfter part and if scored. sUmiid he lapped lighdv until sUKH»th. Check the 
olcaraiH'e of each valve in its ^lidc and replace any t^uule in which the valve 
lias clearance over the iiiaxiiiuim liniil .shown on chart. Fit,', till. The valve 


vlcnis ihcniNcIves very >cldoni wear. Inil if a s 
vlii.nhl he checked and the val\e rejd.'iced »f the t 


lein iv rouj;h its diameter 
»|H'ralor hidds it advisahle. 



To rennoe a >alve j;nicle, heat the cylinder head hy directinp; the flame 
• d a hhuvtorch into the \ahe |Kirt and apatnsi the valve puidc }>oss. I'.very 
iVw seconds flic llaiiie slum Id he niovcfl anmnd over the oulsi<le of the iiort 
lo avoid localizc‘l e\j)ansion aiul the danger of cracks. I'o <letennine the 
pr<iper temperature for pullmjc the old ^iiide <»r for insertiuj; the new one 
tile oi>erator should l)e jimvided \\iUi a piece of soft solder. This should 
rnh)>ed ajjahist the guide at frequent intervals until it melts easily. The 
L^iiide ean then he pulled with t«*o1 \V.\-.V)2 uiilakc) or \V.\-.ViO (exhaust). 
\llow the cylhukr to c^miI down to rotmi temperature and inspect the hole 
^ir simwthness and for size. If rough, ream very lightly and remove all 
•urrs. 

Check the diameter of the new guide and make sure that the correct 
iiMoiint of shrink will Ir obtained. TIh* iiiiakc guulc shoiikl Iw from .0008 to 
^1020 inch larger ikui (he hole anti tin* esluiu''! guide from to .0023 inch 
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larg^er. Make sure both the hole an<] the j:ruic(e arc clean and then heat up 
the cylinder as before. Coat the jjuide lightly with castor oU and tap it into 
pnsiiicm usin^j mandrel \VA-W5 (intake) or WA-.I4r* (exhaust). Hold the 
guide in place with a hammer handle until the cylinder has c<io1e<l down 
enough 1<> grij> it lightly and then strike it sharply with a liber drift and 
a hammer to set it uj) snugl)* in place. The are too hard to ream 

and are ground to size in the faclt»ry. The clearance on the valve stem 
i^hould be checked against the chart Fig. 611 an<] the guide should be lapped 
out if necessary. 


WRIGHT CUaramce Drawing . 

Cyclone Aviation Engine (magnsto and coupunc) 



R47S0a 

Pig. 612.«—Clearance Drawing of ‘*C7clone" Engine Magneto and Coupling. 

Sparkplug Inserts.—The threads in the sparkplug bushings slumld be 
clean and of the proj>er size, while the bushing itself should be tight in the 
cylinder. If the bushing is lo<»se. drill out the two pins ho1<ling it in place 
and determine whether ur not it can be used again. If the bushing threads 
arc not excessively loose in the cylinder head, tighten ui* on the bushing, 
drill two new hides and drive in the new pins. If there i.s too much play, 
replace the bu.shing with a new i>art wlitcli is a snug fit and rrjilace the pins 
as explained in the t>rece(ling paragraph. In drilling out the old pins and 
in drilling holes for the new pins, be very careful not to go any dec)>er than 
is absolutely necessary. The pins are inch in diameter and inch 
long. Check the rockerd>ox studs for cracks or twisting and sec that the 
intake and exhaust port flanges are tight- 

Valves.—If the valve scats arc pitted or the heads arc warped, consider¬ 
able time can be saved in lapping by taking a light cut ofT the faces on a 
grinding machine. Valve stems are of unibirm hardness .so that it is per¬ 
missible to remove signs of wear on iho upper ends with a stone or in a 
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grinder. The stems should be inspected for wear and scores but should not 
he stoned unless it is considered absolutely necessary. The stem acquires 
a hard, glazed surface after a few hours of running and, under normal cir> 
cumstancesr will keep this glaze indefinitely. Inspect the exhaust-valve 
plugs for signs of salt leakage. An exhaust valve which is cooling properly 
will have a Idack head and will lie black almost all the way up the stem. 
2f the salt has leaked out. the head wdll he red or l»row*n and the stem will 
he black for only a third or half of its length. Such valves should he re¬ 
placed or returned for refilling. 

Valve Springs.—Insi^ect the valve springs f<»r breakage. They have 
exhibited a tendency to break olT at the ends for un inch or so where the 
wire has been ground thin. Such a e^mdition. hriwever. docs not impair 
their offiricucy in operation. Sinnnih olT the broken ends w\Xh a stone to 
jirevenl wear un the retaining washers. Inspect the retaining washers for 
wear and cracks. 

Rocker Arms.—Tnsj^ect the rocker arm.s for cracks and signs of inter¬ 
ference with any of the adjacent parts. Check the clearance of the bushing 
on the steel rocker-pin sleeve against the clearance chart at Fig. 611. Ex¬ 
cessive clearance in any jiart of the rocker mechanism tends to cause ob¬ 
jectionable noise when tlic engine i.s idling. Sec that the thrust wearing 
and the thrust face of the rocker-arm bushing are smooth. Clean out all 
tlie oil holes M'ith a bit of wire. 

Cam Followers.—The cam followers (tappets') should be a close fit in 
the guides in order to ]»rcvcnt oil leakage. Make sure that the push-rod 
hall cups arc tight in the end.s of the followers, that the wire circlets are 
in place, and tlint the rollers and ]dns arc in ginid condition. The followers 
arc a selective fit iu the guides and the two are furnished as an assembly 
for spare parts. The clearances are given in chart at Fig. C09. Inspect the 
push rod.s for .straightness and be sure that the ball ends are round and are 
tipht in the rods. Inspect the rocker boxes for wear, cracks and signs of 
interference wdth any of the moving parts. If interference is found, the 
box can be relieved. 

Cam.—The cam bearing .should he smooth and free from scores, nicks 
and lon.se babhrtt. If the surface of the babbitt is rough it may be smoothed 
up with a burnishing t<K)l. but if it is regarded as satisfactory, it should not 
be touched. Tf the babbitt i.s hnise in <»nly one or two small spots, the loose 
pieces may be removed and the edges smoothed. It is preferable, however, 

reidace the bearing. Replacement i.s accomplished by drilling out the 
'etaining pins anti pressing out the old bearing in an ordinary arbor press. 
(heck the cam hub for .smoothness and press in the new part. The clear- 
uice figures are given at Fig. 609. If the cam lobes arc rough, they should 
be smoothed with a fine stone. Inspect the gear teeth for wear. 

Cam Drive Gears.—Examine the gear teeth for smoothness and wear, 
^lake sure the gears are free of flaws and that the rivets are in good con¬ 
ation. Check the clearance of the bushings on the pin and if this is exces- 
when compared to the maximum allowable clearance shown on the 
learance chart at Fig. 609 ascertain whether the wear has occurred on the 
*in or in the bushing. Make whichever replacement is necessary. 
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Crankcase.—All sections of the crankcase should be inspected for cracks, 
chahng at the parting flanges, and interference with moving parts. All 
studs should be tight. In repfacing a loose stud, select an oversize pari 
and turn into j)lacc, using white lead on the threads, to a height correspond¬ 
ing to that of similar studs. Inspect all bushings, first drill out the pins, if 
any. and heat the crankcase slightly with a blowtorch. 1'bc bushing can 
then be tapped out. 

Gears.—All gears should be inspected for wear on the teeth, ns well as 
for cracks, nirk.s and rnugbncss. If the fault is not serious the teeth may 
be relieved w'ith a fine stone. 

Connecting Rods*--»X*lxamine the connecting rrxls for crack.<. straight* 
ness or burning. The hushing.s should be tight anr^snuHtth and shonhl have 
ihe projicr clearances on the knuckle atid wnstjuns To rejdace either bush 
iiig, i^HK'eed as bdlows: Drill out I he liras'^ pm and luisb out the bu<hin^: 
in an arbor ]»rcss Clean np the hole in the rod and rcmo\e any burrs from 
the new' bushing. Press the bushing into place in the rod after c<^iting it 
lightly with casl<ir oil or white leml. In replacing flic wnstpin bushing, 
take care t(» see that the oil hole in the bushing iii<le\es with the hole in 
ihe rod. 

The hole for the pin should be started with a jaunted drdl and finisheit 
with a flat'Cnd drill to a point halfway through the lm^hing^ The jun, of 
soft brass !m iticli in diameter, can then be mserteil m jdaee and nveleil 
until tight in the rod. In.sert a mandrel in (he husfinig during this o)>cru 
lion. The bu.shing can then be rcnmc<l to size and the pin head smoothed 
over. 

Master Rod.—The master rod should be ins]»ecled in the same manner 
as the artlculatctl rods. In addition, the knuckle-prn holes should be clicckc<l 
for smoothness and tlic kniicklc«pin oil holes in the hhI slnudd be examined 
for signs (jf plugging 'Hie bearing sIkuiIcI j»rcscnl a snuKdli clear surface. 

Knuckle Pins.—*J'he knuckle ]uns should be round. siiukUIi an<l free from 
cracks and should be a lap fit in the maslcr nxl. Make .sure the oil juissagcs 
are clear ami that the altiiiunum jdugs arc tight. Jn rcjdaeing a ]dug. j^ro- 
ceed exactly as hi replacing a connecting rod bushing. Always check the 
oil passage after re-assembling. 1'he knucklc-jun lockjdales are sup]died 
a few thousandths oversize. If a plate is to be replaced, therefore, the new 
part must be fitted by filing the edges until it is a snug fit. Mark th" new 
plate just as the (dd one is marked. 

Supercharger Impeller.—Due to the high speed ut w hich it opcnites. the 
supercharger impeller should be gdven siiecial at tenth m. Inspect ll care- 
full}' for cracks, nicks, chafing and ]tx>scnc.ss. A cracked impeller shouhl be 
scrap]>ccl but minor faults may he corrected with a fine stone. If the im- 
pcller is damaged it should be returned to the factory (or rcjiair and re¬ 
balancing. The shaft and bearings should be carefully checked for flaws, 
tightness anil .sniooibness ol rotation. Tlic ball lK*arings on the high-speed 
shaft sh(»uld have no ])erceptil>le shake. 

Intake Pipes.—Inspect the intake pipes for dents and .swaging in where 
the packing presses on the lower end, and for cracks where the upjier end 
is flanged out. The dents and .swaging can be removed by use of a hammer 
and a proper arbor on which to hold the part. Cracks, if not too extensive, 
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can be welded up. Make sure the flaujjes are not bowed, and if necessary 
straighten them on a flat jdatc. 

Crankshaft.— Tlu* cratiWshaft. by reason of jis importance to the engiuc» 
should be given special attention. J**xamiiie both sections for cracks and 
oliafing. Check all llie threads and splines, and, if necessary, siinwith with 
a fine file. See that the oil jnpe is tiglit. that the flaring is intact, and that 
the pipe is clean inside. In>pect the clamping surfaces f<»r chafing and the 
clamp screw and washer for cracks. All bearing surfaces should he smooth 
and free from burrs. Ordinary roughness can be removed with a strip of 
fine emery chdh. and the journal can then be polislicd with cnicus cloth. 
The crank'^haft is built up as an assembly and the j>arls are not iiHercliunge* 
ulile. If either .section must be replaced, both seel ions should be reltirued 
to I he factory. If the entire xliafi is rejilaced the clearances <»f the associated 
j)aris oil the sliafl slionld Ik* cliecke<l against the clearances on ibe charts 
^;iven at I'ig**- and fitW. 

Supercharger Oil Seal.—Tlie sti|K*rcliargcr oil seal should be inspected 
for flaws, ii.icks in the sealing surfaces and loose rivets. The weather should 
he .<oft and smooth and generally capable of luaintainiUK tight joint, '('he 
fiber bushings should be free fiom eracks am] shouhl have the i)roj>er elcar» 
ance on its journal, 'ho replace the loallicr in the front <m 1 seal 21,178, 
|inK*eed as follows: With a sharji cold chisel chiji the lieails olT the front 
I'lids of the eight rods Imhliug the oil seal assembly, 'riieii take a small 
piincli and clnve tlie nvel.s through the seal tiovard the rear, 'j'his shovild 
he done slowly an<l earefiill> U* UMud distorting the rear ring 2t),'M4. The 
rivets will ]»ro1>nhly slick in this ring and slionld next he clijipeT ofT and 
ground clown iiiitd they are almost flush with the ringr 'I'liey can then he 
lapped <mt of the ring. Inspect all the parts fcir burrs <ir hembng and pul 
III good coiuhtiiHi. 

Thrust the new rivets through the holes in the ring^ 2tl,*H4 ancl in the 
imw leather. I hit the leather on with the mimhuIi side facing the rear. Then 
assemble in place tni the rear face id the oil seal plate and invert the assem¬ 
bly onto a IdiK'k of w*ood which w'ill lit the eeiitrnl depresskm of the oil-seal 
plate and wall liear against the rivet heads, ('oiiipress spring* 21.l7r> until 
M bottoms ancl secure it with Itvo Icnips of .small Ci»|»per wire. These loops 
''lioiild he on o]i|M)siie sides of the ccnl aiul shonhl have the twisted ends oti 
die inside to facilitate removal. 


J^lace the steel ring 21.179 in }Kisilioii i»n the leather ancl insert the com-, 
pressed spring in the .steel cuji. Sliji the cup over the rivets and proceed 
With the riveting, Hold one rivet punch in a vise to support the rear end 
of the rivet and head ewer the front end with a small hammer and another 
I'ivel punch. When the first has been headed over, start the rivet on the 
opposite side. Always .select a pair of rivets, i»nc on either side. As soon 
as the riveting ha.s been coiiijileted. remove the wdrc.s on the spring and 
allow it to as^unle its normal ]>ositi<m. Be sure that the thrust washer 
21,179 is in its correct ]M>sition, 

Accessories.—In other chapters of this book will he found instructions 
covering the inspection and maintenance *»f the magnetos, propeller huh 
and starter. The carburetor will be descrilied at the end of this chapter, 
f lea ranee charts for Ihc accessory drive parts are gi\en at I'igs 610 and 612. 
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AsMtnbly.—The .successful operation of the cn^nc is absolutely depen- 
dent upon the attention given tu every <letail in inspection and assembling. 
It should be constantly borne in mind that the slightest neglect on the part 
of the inspector or mechanic may result in the failure of the engine and the 
possible loss of one or more lives. 

precautions in Assembling.—Cotter pins and lockrings which have been 
badly bent should never he used again. Great care should be taken to pre¬ 
vent dirt. dust, cotter pins, lockwires, nuts, washers, and other small parts 
from falling into the inside of the engine. These might w<irk into the gears 
or oil lines and cause serious damage. The various precautions previously 
given ill c<mncction with assembly t»f **\VliirKvimr' engines in the ]»rcceding 
chapter apply to this engines a.s well. All parts the cylinder, pistiui uud 
connecting-rod assemblies are nunihcrod. exccj)ling the tiiisb rods, valve 
S]>nngs. aiul valve-spring washers. In disassembling, it will be inded that 
many otluT ]>arts arc luimbered or markcfl t<» identify their locations in the 
engine. These marks should be also noted as the engine i.s assembled. 

Crankcase.—Clean the crankcase thoroughly using compre.sscd air nr a 
clean rag to remove dust and dirt which m.iy have accumulated since the 
disassembly. Replace nil plugs and Huger strainers. .Safety wire where 
reepdred. Mount the case on the assembly stand. 

Crankshaft and Master Rod.—Clean the crankshaft and replace the 
crankshaft front bearing sleeve. This will 1>e a light ia[> fit into place. 
Put the fremt sectitin of the crank.shaft in a vise, holding it hy one side of 
the counterweight with the crank]>iii facing the mechanics. Lubricate the 
crankpin and master rcnl bearing thoroughly and slip the innsler r<u] into 
j)lace on the jiin. Ue sure that the kTuickle-]nn lock-platc screw hole.s are 
facing the front of the shaft. 

Replace the rear crankshaft bearing if this part has been rciimvcd. Drive 
spreader WA-.116 into llic sjdit end. oil the end of the crankpin and mount 
the rear section of the crankshaft in place. Knock the spreader out and put 
in the washer and cratikchcek capscrew. Using a lead i»r rawhide lUHllet. 
adjust the position of the rear cheek until the master rod bearing has .018 
to ,020 inch end clearance and the tw’o counterweights are in line as indi¬ 
cated by the free fit of the crank.shaft aligning bar WA-357 in the two holes 
in the counterweights. 

Check the length of the crankcheek capscrc%v with a pair of three- to 
four-inch nucrtuneicrs and then tighten tip. using wrench \VA-340. until the 
length of the screw has been increased .0035 inch by the tension. While 
the screw is being tightened the aligning bar should be withdrawn from 
the front counterweight to avoid straining if the shaft is twisted during 
this operation. As soon as the .screw is tight, the alignment should be 
checked again. If the bar is still a free fit in both holes, the screw may be 
cottered. Oil the rear bearing and the bronr.e ring in the crankcase and 
place the shaft in po.sition in the case. When thi.s is done, it is necessary 
for the master rod to be in line with and between the counterweights. The 
shaft IS inserted at an angle until the end of the master rod has been thrust 
out of the No. 7 cylinder opening and then straightened out and dropped 
into place. 
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Articulated Rode.—Clean the articulated rods and knuckle pins and lu¬ 
bricate the pins and bushings. The knuckle pins and master rod are so de¬ 
signed that the rear ends of the pins arc a taj^ hi in tl)c rear flange and 
the front ends, which have a shoulder .010 inch larger in diameter, are a 
tap fit in the front flange. Four smalt lockplates each match up with the 
shouldered sides of two of the knuckle pins and prevent them from rotating. 
Insert the two articulated rods and knuckle pins which employ the same 
lockplate. The rods are numbered in the hoitom of the channel near the 
knuckle pin end and the pins arc numbered on the front face. These should 
index with corresjH^nding numbers on Ihe front of the master rod. 

The pins sheudd ))c Hnc<1 u]) l)y tapping until the lockpintc fits in place 
ll(»ckplate.s are also numbered); aud then they shoubl be tapi>ed into place 
a little bit at n time uni 11 boih are home. Use drift \VA-315. The lockplate 
screws should then be put in and the safety wires replaced. It is of the 
utmost importance that the pins be inserted in their proper places accord¬ 
ing U> their mimhcr.s and lhat they be correctly lined up and securely 
locked. Failure of any pair of ht^lcs to register will result in cutting off 
the supply of oil to the knuckle pin bearing. 

Intermediate Section.—Replace the camflrive pinion j)in in the rear wall 
of the intermediate section not forgetting the key. The pin should be 
lapped In until the shoulder is hard against the aluminum and the locknut, 
20,361, should be put on the rear end. This nut should he tightened with 
tool WA-327, until the coitcr-pin hides line up and the Cotter pin can be 
inserted. Oil the pin aud bearing and as.sembic the camdrive gear and 
pinion in ])lace. Tighten the nul on the fmnt end of the pin and cotter. 

Assenitde the tappets (cam bdlowcrs) in place in the case, noting the 
numbers of the parts. As the tappets are a selective fit In the guides, this 
must be done carefully. Oil all parts before as.sembling, and do not forget 
the lockring at the outer en«l of each tappet. Oil the crankshaft front bear¬ 
ing, place the intermediate sectum in pcisition on the front of the main 
crankcase and tap home. Make sure that the oil-return holes inside at the 
bottom arc lined up with those in the main case. Tighten and safety wire 
at hold-down nuts. 

Timing.—The timing of the Cyclone engine is fixed and all the gears are 
marked Ui give the correct value's without adjustment. Consequently, great 
rare should be taken in assembling. 

Slip the camdrive gear on the crankshaft and tap home so that the two 
^rros come one on either side of the one zen» on (he idler camdrive gear 
which is mounted on the crankcase wall. Oil the cam htib and the cam- 
bcaring sleeve and slip the sleeve inside the hub. Slide them down the 
shaft and mesh the internal gear on the cam wnth the drive pinion as shown 
at Fig. 613 so that the line aud the zero on the cam are lined up with the 
bne on the No. 1 cylinder exhaust-valve tap|)et. The sleeve should then be 
apped home. The timing i.s then set l>ut should be checked as soon as the 
\'o. 7 cylinder has been as.sembled on the engine. For this reason the as- 
embling of the front cover should he left until later. 

Cylinders.—If the valves have been ground, the greatest care should be 
uken to clean the grinding compound off the valves, ports, and valve seats, 
both valves in place and invert the cylinder over the assembly block. 
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Snap Ihc wire circkis into place in the ijrooves near the top ends of the 
valves. Set the njcker boxes in place and put the nuts and washers on the 
iwo front stnds. These mils should he turned cU>wn until ti^jht so that the 
slot and hf*W in the sliul are lined up for the emitter pin. Do not use exces¬ 
sive f(‘rcc in the mils, a.s such treatment may result in twisting; 

the sliicls. If ali|piincnl cannot be obtained with normal clT<»rt. another 
mil should be tried, The studs arc flat (o permit hemling; and, e«nise<jucull\, 
d<i not rcMSi Iwisliii;; ns well ns a npuml stud. After the rocker box and 
the nuts are in place ami cottere<l the stmis can lie checked for twisting 
by obscrvini; the direction uf the colter pin holes. 



Pia* 613.—Assembling Cam Ring on Wright *Tyclone" Engine. 


As.wiiMe the u usher, spring, and mit on the roar stud and turn 
down on the nut jn^i far cmmgh to permit the insertion of the rotter pin. 
Slip the lower retaining ^va'^lK*^. the three va1\e s|>rin^s ami the upper 
rctaininj^ washer int<» place on the \al\e. 'riinisl a snuioth jiiccc of har 
stock through the rocker-]lin hole and hook the end of the valve-spring 
compressor WA-.^OO nnderncalh. Comjire.ss the vahe sjiring.s and slip the 
split locks into ]ilacc. Attach the tmsh roil housings by screwing iij> on the 
clamp mit at the nt»|»er end. Tins nut should not Iw tightened as it has 
to be adjtiste<i later. 

Clean the pistons tlmroughly and make a last-iniiinte inspection of the 
ring.s to make .sure they arc correctly assemhkiL Starting with the No. 7 
or inastcr-rud cylinder, assemble the jiiston and jiin in place, using piston 
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jiiti (Irifl Tho crnnksliaft sli(»til<l he In ihc U*\) cnilcr position for 

that cyliinler ainl the piston should he pul on with the cvHnder number, 
n hlel) IS stamped on the head, over one wrist pin Ihiss Inwards the front 
of the cn^nne. 

Turn iht* pisioii rini^^s mi that the Kni»s in anv pair <if riu^s arc not in 
Imc and coat the piston and cylinder I lore thoroii^dily with engine oil. Cover 
the cyliinlcr rtanj»e with a H;»ht coating of soft Miajj to prevent oil leakage, 
t'se clainp \VA-d,ll (o hold the rings and slip the cylinder oNer the piston 
as .shown at Fig. til4. Jnst hefiirc the hoitoni of the cylinder slce\o jiasses 
liver liie wri'^tpiu make sure the wristjdn end ]dngs are both in place, 
righleii the cvliinler Imld-ilown mits. 'rigliten the push-rml lioiisiiig 
clam]IS down h» the cast*. In doing this, care should he taken not to break 
I he studs. 



Pig. 614.—'Assembling Na 7 C^inder on Wright ^'Cyclone” Engine. 


Wipe off the rocker-arm pin assembly and assemble in jd.ace. The 
\leinitc lubricators junut ttiwar<l.s the inside of the cylinders. Tighten the 
ocker-piii nut and cotter. Dip the push-rt»d balls in engine oil an<l insert 
he push rods in the housings. Jnspei*t the ]nish*ro<l a<l]usling screws and 
nake sure the ball cups and circlets are in place. Insert tho adjusting 
crews in place. After No. 7 cylinder U in place the <»lher cylinders should 
assembled in rotation and in a similar manner. 

Rocker Box and Valve-Tappet Clearances.—In setting the tappet and 
ocker-box clearances be .sure that the piston of the cylinder in question is 
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at top center on the firinf' stroke. Unless this is done, it is quite possible 
for one of the lappets to be riding unnoticed on the rising part of a cam, 
causing an error in the tappet setting. To avoid the possihilily of making 
this error proceed as follows: Turn the crankshaft until the valves of the 
No. 1 cylinder indicate that the ])isto]i is on tup center at the heginning of 
the suction stroke. At this point both the valves will be open and the large 
spline in the .shaft will he facing No. 1 cylinder. If the propeller is mounted 
on the shaft, one of the blades will he in line of this spline. Then turn the 
shaft through one complete revolution and set the clearances on the No. 1 
cylinder in the manner prescribed in the next paragraphs. Having done 
this, turn the crankshaft tn the direction of rotation until the spline or pro* 
peller blmle is facing No. 3 cylinder and set the clearances. Taking each 
in the firing order (1,3. 5, 7.9. 2, 4. 6.8). repeat on the rest of the cylinders. 

To set the ruckcr-box clearance proceed as follows: Slack off on the 
pusli-rod-housing adjusting nut with tool WA-2S6 until the push-rod 
housing is free. With a set of thickness gauges check the clearance under 
the rear end of the rocker l>ox ami tighten the adjusting nut until a clear¬ 
ance of .031 inch to .035 inch olitaincd. Then tighten the clamping screw. 
It is essentia] that this a<ljtistmcnt be made when both valves are clo.sed in 
order to prevent errors caused by the forces set up when the valves are 
opening and cl<»sing. Check the tightness of the pusli-r<Kl lumsing by at« 
tempting to shake it at the upper end. If there is any perceptible shake 
increase the clearance under the rear of the rocker box until the housing is 
just tight. It is usually jKJSsihIc to twist the housing even when the proper 
adjustment has been made. sc» this condition should be di.sregarded. 

After setting the rockcr*box clearance.^, proceed «is follows to set the 
valve*tappet clearances: First the push«>rod end of each rocker arm should 
be tapped shar]>ly with a hammer handle to make sure the roller is riding 
on the cam. The cam followers are fitted with very little clearance and 
are sometimes too tight to he moved easily with the fingers, thus necessitat¬ 
ing thi.s uperatiem. L(K>sen the clami>ing screw on the push-rcKl end of the 
rocker arm and with a large screwdriver, turn down on the adjusting screw 
until the rocker roller touches the valve jdug. This i>oint is best deter¬ 
mined by rocking the roller hack and forth with the thumb and forefinger 
and noting the ^K)hit at W’hich contact is made. Then hack off the adjusting 
screw until the arnwv on U»j> has passed ton divisions of the scale on the 
rocker arm. Each division is wjuivaleni to a .005 inch clearance on the 
valve stem. Lock in place by tightening the clamping dcrew. Replace all 
the rocker box covers except thi»se the No. 1 cylinder. 

Checking the Timing.—For cheeking the tiuihig, a liming disc is neces¬ 
sary and can be constnicted as follows, if part WA-33r) is not available: 
First cut out a disc of sheet aluminum ten inches in diameter and in the 
Center cut a hole 2J4 inches in diameter. The disc can then lie slipped over 
the threads on the end of the shaft and up against the ends of the splines. 
Tap on the front side of the disc with a hammer until the end of each spline 
has been imprinted on the soft metal. Cut out these portions with a pair 
of shears, leaving a set of teeth which will fit in the sjdines on the shaft. 
With the disc in {xisition at the rear end of the sjdincs, cut and fit a pointer 
w'hose tip is near the outer circumference of the disc and whose base is 
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held down by nuts on the studs in the front of the intermediate section. 

Insert the lop center indicator \VA-29d In the front sparkplug bushing 
and determine the top center position of the No. 1 piston. Make a mark on 
the disc at the point indicated hy the pointer. 'J'nrn the crankshaft and 
observe the point of opening of ttjc No. 1 intake valve. As in checking the 
clearance, strike the pu.sli-rod end of the rocker arm with a hammer handle 
to make sure it is down and note the t>oint of opening hy rocking the roller 
with the thumb and forcfnigcr. Mark the jxnnt observed on the disc. 
Turn the crankshaft past top center and, in the same manner, note the point 
of closing of the No. 1 e.shau.st valve. Mark tins ]>uitit on the disc also. 
On this liming disc, 2.^^ <legrees is e<|nivAlent U* 2* inches measured along 
lilt* circumference of the di.se. If a mistake has been made in as.setnbling 
the gears, the timing will be at least 4() degrees from these values. Replace 
ihe rocker box covers on the No. 1 cvlindcr. 

Front Section.—If the front section has been taken down, it should be 
re*a5sem)>ted and the bearing well tiifccl. Oil the crankshaft and assemble 
this section on the engine, tapthng down until home. Replace the hold¬ 
down nuts and washers. Oil all thrcatls and put on the thrust^bearing nut. 
Tighten u\i. using spanner wrench \VA*3i8 luitil the shaft has been pulled 
up into place and the tint is b<mie solid. 

Intake Pipes.—Rcj^lace the nihbur packing rings and the packing nuts 
in the crankcase and insert the intake pities in place. Slip the ga.skets at 
the cylinder-hea<l cn<l into )>lacc and replace the three capscrews. Then, 
using tool \V.^-2^1^I, screw down the ]»ncking mil. 

Inverting the Engine.—The engine must now be inverted for assembling 
the supercharger and rear sections. If a rotating stand is lieing used, this 
is quite simple; but. if not. it is more coniplicate<l. First lift the engine 
using Inn sling eye WA-.1.I7 4»n the end <if the crnnkslinfi and a chain hoist. 
Then pick up the rear of the engine u.sing another chain hoist, a wire rope 
sling and two hoisting eyes ^VA•23^J, screwc<l into the lireallier h<dcs in the 
rear of the crankcase main section. A \v<HuU*n sprca<lcr shtmid be used to 
keep the two sides «>f the sling away fr^mi the N^i. I cylinder. 

Some sort of a stand for holding the engine with the crankshaft down 
should then he available. The simplest form is a cross made from two 
|>ieces of eight hy eight Inch ]Mne ahont hnir feet hnig and with a hole 
ilirough the center just large einnigh l4» receive the fnnit end of the crank- 
^haft. This stand can l>e mounted on cast«»rs for ctniveiiience In moving. 
Lower the front «»f the engine until the weight rests entirely the rear 
end hoist. Remove the fnmt hoisting eye and hnver on the rear hoist, 
guiding the shaft into the h<de in the stand. 

Supercharger Oil Seat and Diffuser Wall.—Examine the contact sur¬ 
faces carefully for nicks. Shellac the surfaces and assemble the oil seal on 
the engine. The contex bushing 20,920 should first be inserted in place and 
the lock wire snapped on the forward end of the bushing. The oil seal is 
held in place by six flat-head screws which should be carefully locked in 
[dace with a center punch. Make the punch mark in the aluminum near 
<me end of each screw slot so that the aluminum is forced into the slot. 
This is very iTn]>ortant for if c»ne of the screws starts to back out. consider¬ 
able damage is a]>t to result. 
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Supercharger Section.—Assemble slinger 20.570, bearing 20,429 and nut 
20,484 on impeller shaft 20.445 with wrench WA-iO*), ami secure them with 
a cotter ])in. Pul on washer 20.4^'i0 ami thrust this assembly into the impel¬ 
ler-shaft ball-bearing cage and assemble the cage in the supercharger sec¬ 
tion. Its p(»silioii is (Iclcnnined by key 17,008. Pul on nut 20.459 with t(»ol 
WA-.TS6 and secure it with a cotter pin. TMace slinger 20.718 in position 
at the front of the housing and tap the front bearing 20,428 into place. Put 
ill the nnl 20,400 and tigbtcu up with wreneb W.A-520 niilil the ci»tter-pm 
holes line up. .Slip ibc rear slinger 20.401 into place and then colter the 
nut. Tile impe1hT->haft assembly can lluni be slipped into place and tajiped 
home. 

The impeller is a seleclive fit oti the .splined shaft anti slionid be re¬ 
placed in ils original )K»sitiou us indicated by the marks on the ends oi the 
sjdiiies. 'l ighten impeller retainer nnl 20 /j 84 with t<«d \VA-.^18 and lock 
with setscrews 20.920. 'fhe setscrews should be carefully lockorl in jilacc 
with a center fumch in the manner previously described. Slip the two spac¬ 
ers 21,228 over the stinls and assemble the supercharger section ;isseinl>ly 
on the engine, first making sure that the rrmiaci surfaces are clean and 
free from burrs. The supercharger section is hehl in jdace by nuts and 
washers on the tw'o slmls. 'I'hese nuts shouhl be turned u]i securely with 
socket wTench \VA-.115 and Cidlered. 

Supercharger Drive.—'Tap the iTanksbuft-e.xleiisiini bearing 20.427 inb* 
the steel cage 20.475 and us'«etnblc the cage with the alumnium su)»j>oriing 
casting 21,149. 'I'lgblcn the si\ filhster-heail screws and safely wire tlie 
three jiairs together. Thrust the crankshaft extension 20.405 through the 
liearing and la]* home, 'righlen nut 20..505 wilh tool \V.'\-,U1 and colter, 
'fhe whole assembly is then assemblv<! onto the rear wall of the super¬ 
charger section, where it i.s held in place hy six nuts, 'riiese should be 
safety wdred. The sujwrchargcr and generator .shaft 20.523 is splmed to 
receive the Ihri'e gears 20.444. 21254 and 20.4‘l(» which are the ini]H*ller-drive. 
intermediate ancl generator-drive gears, res|>eclively. The front bearing 
6.207 shouhl be tapped onto the hub id the impeller gear he hire it is as.setn- 
bled oil the shaft. The t\v<i front gears are hchl in idacc by iiiit 20.485 
which .should be scrcwe<l up until light ami then be cotlereil. 'I'he shaft 
should then be set in jdace with the bearing resting in the east-aluiiiinum 
drive sui>port and the bearing ca]> 20,4^9 tapped into jdace. 'rigbten llie 
two retaining^ nuts and cotter. 

Rear Section.—The rear secthm should next be ci>inplctely assembled. 
Be sure that all bushings and bearing surfaee.s are clean and well idled. 
First thrust iiiagneli> dnveshafls 20,532 into place and in.sert the keys 
11,680. Jhish the drive gears 21.fj9S ouU> the shafts and secure them with 
nuts 15,882. Hold the (uitsidc gears ancl turn up on the nuts until they are 
snug and can l>c securely coUcred. Then drop the two vertical driveshafls 
into place. These arc identical except for the lower bevel gears of which 
the oibpump drive gear is the larger. Slip the upper housing 20.999 into 
place, and, if they are heing used, the gun synchronizers. A gasket 21.09^^ 
is used between the housing and the cover or synchronizer. Before attach- 
ing the oil pump slip the gasket 21 ..383 over the studs. The putuji cannot 
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he put on in any but the cfirrect position on account of the locating dowel. 
The fuel-putnj) drive gear 20.498 should next be inserted in the hou.sing 
20.556 and assembled the engine. Gasket 18.294 is then slipped over 
the studs and the fuel pump is .secured in place. 

Thc <iil strainer rests in its housing with the open end facing the rear 
of the engine and is helrl down by a coiled spring. The strainer cap is pro¬ 
vided with a copper-asbestos gasket. The finger strainers should also be 
rejdaced. The installation of the strainer screen is clearly shown at Kig. 
5<)9. Insert Ibc main oibprc.ssure valve and spring inside the a<ijlisting 
screw and screw in niitll it is approximately at its firevious |H>silinn. He- 
|)lucc the gasket, locknut nnrl cap. Replace the idle nil-jircssurc adjusting- 
screw locknut and caji. .'^lidc the generalor-drixe gear 2(),4^i into place 
oil the supercharger and generator ilriveshafl. 

Iiisljecl the ctintact surfaces for nick.s and assemble the rear section on 
the cniukcase. 'riic contact surfaces of the induction-passage joint should 
he lighti) coalefi « ith clean shellac The generator drive has been left off 
to enable the mechanics to guide the im|Kdler and generator shaft into the 
hearing in the rear .section. Secure the rear secli<n> uilh unis around the 
nuisitle aiul with the live cajiscrcus which insure the tightness of the joint 
III the imluclKOi passage. 'J'hcse screws are of three dilTerenl lengths but 
can lie easdy assignc<j u* their pr<iper |>osiiious. Safely wire all screws, 

'I'he inagnelos ami carbtirettirs have been left ofT up to this time In or<!er 
Ui avoid unnecessary weight when hamlliiig the rear section and may now 
he asscinhied on the engine. In iiunmtitig the inagnelos. rememlier that the 
control levers j«)int b» tlie rear of the engine. If the two arc interchanged 
fmcori’eetly imnnitedl. the levers uill p<»int Ut the frimt of the engine. 
•Make sure that the felt ami the springs arc in place in each magneto conp- 
luig and apply a small tjuanUty of ml to tlie fells. Sbi> the coupling over 
the gear on the magneto, jires.s it imck as far as it will go and turn .slightly 
so that il locks in jdnee and is out of the way. The magneto cout'liug is 
-liowii at h*ig. <d2. W'ijieolT the IhUIoiii of the magiieti> and the face of the 
mounting pact ami mount the magiicto.s in place. 'Phe Ci>u]ding will par¬ 
tially engage during* this operatuni. Rock the niugneio back and forth until 
it .slides clown over the dowel and secure il with the four capscrews in the 
l>asc. These screws should be lockwircd together. Never strike a magneto 
with any lb mg wocKleii or metallic as this has a tendency t<c weaken the 
magnetic streng'th of the armature. As-*enible the eonirol mechanism and 
vhi'ck the inagncl<»s to make sure each breaker is in the full advanced posi- 
don. 

C lean the contact surfaces and the ga.skets carefully and assemble the 
carburetor on the engine. Check the throttle motion and see that the 
'•conomi;5er needles do iu>l hit the studs. Insert the generator drive in place, 
uid if desired, assemble the generator on the engine at the .same time. The 
I rive flange is located by a dowel in the rear section. Gasket No. 20,104 

located between the drive assembly flange and the cover or generator, 
''afety wire the four nuU. 

Magneto Timing.—Raise Ibe engine clear of the stand, using a chain 
•mist and the two rear hoisting eyes. Slip the timing <lisc on the crankshaft 
md then raise the front of the engine by means of a hoisting eye (WA-337) 
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on the forward end of the shaft until the shaft is horizontal. Assemble the 
pointer loosely on the front section studs and insert the top center indicator 
in the front sparkplug hole of the No. 1 cylinder^ WA-293, and secure the 
pointer so that it indexes with the zero cm the lop renter mark on the disc. 
Set the No. 1 piston at 30 degrees b.t.c. on the firing stroke. At this point 
both valves will be closed. {Both will have clearance.) Rotate each mag¬ 
neto until the marks on the distributor gear and the magneto front cover 
index and indicate that the No. 1 cylinder is firing. There are two marks 
on one side of the magneto and <me on the other. Insert a inece of thin, 
oiled paper (such as that commonly used on cigarette packages) between 
the breaker points of one magneto and rotate sl<»w1y until the points se])a- 
rate and release the paper. 



Pig. 615.«Viewft Showing Action of Type NA-YTA Stromberg Carburetor at Closed 

Throttle at A and Wide-Open Throttle at B. 

Insert the point of a screwdriver between the gear and the front cover 
to prevent motion of the gear an<l rotate the coupling until the two sets 
of gears mesh ancl the coupling slijis into place. Repeal with the other 
magneto. Replace the papers between the breaker p(»iiUs and check the 
settings by rolaliug the crauksliaft and noting the poitils at which the 
breakers open. The Xwo magnetos should be synchronized within de¬ 
gree and should be within one degree, plus or minus of 30 degrees b.t.c. 
If the .setting is correct snap the lock rings 019 in place on the couplings, 
clean alt traces of paper from the breaker points and replace the distributor 
blocks and breaker mechanism covers. 

Installation and Test.—The engine is then ready for installation in the 
airplane. It should be ins])eclccl as if it were a new engine in accordance 
with the instrnclion.s previously given. The run-in should be made in ac¬ 
cordance wdih the following instructions: After the engine has been in¬ 
stalled in the plane, it should be run-in for a period of not less than two 
hours. Additional run-in time depends on the number and nature of the 
parts replaced and rests largely with the judgment of the operator. New 
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pistons, piston rings aiul cylinders rct|uire the most running-in time. A 
maximum of five hours total is recommended when several of these parts 
have been replaced. Starting at about r.p.m.. the speed should be gradu¬ 
ally increased up to the last fifteen minutes, which should be run at about 
90 per cent of the full throttle r.p.ni. on the ground. The plane should be 
headed into the wind during this run in order to obtain the maximum cool¬ 
ing etifect. If the performance of the engine is satisfactory during this test 
the plane may be considered ready f(»r flight. 

Instructions or the Stromberg Mode) NA-Y7A Carburetor.—The model 
NA-Y7A carburelijf einbiHlics the sumo basic princijdes throughout all 
Stromborg nnidols and it is advisable lliai a thunnigh stinly be made 
td the chai»lvr mi Strmnbcrg Aircraft C'arburcUirs, l»uf<»re attonijiting 
(o nmslrr llie <ictai1s of this |mrticnlar om\ It contains complete in- 
fonnnlion <»n design, eimstruction, operation, adjustment and servicing, and 
nssiniilation of this information will make easy a complete tuiderslanding 
of the carburetor. In one particular this carburetor has an a<l<lition to the 
standard cmislrnction as previously ci»vcrv<l. This consists of an econo* 
niizer wh‘isc primary function is io pnividc the proper lean mixture at 
cruifting .’^pce<ls with a (|uitc rich mixture at full ihrnlilc. This mixture 
range allows of cool running with niuNiinum power at full throttle, together 
with the best economy at jiartial throttle. 

The specification in this carburetor has been evoivcti after a great deal 
of painstaking etTort by all jiartics concenK*<l in the production and opera* 
lion of the engines and carburetors, ami represents the coinbine<1 result of 
innch dynainonictcr. t<»r(|uc stand and flight work. The specification should 
never be changed unless absolutely neces.sary and then only w hen sufficient 
<lata are at hnml to dctcnninc exactly the nature and extent of the change 
ilesired. The sjiecification is usually given cm an aluminum tag riveted to 
the carburetor. 

The carburetor has two barrels of 2*Vin actual internal diameter 
with a single tlirottle shaft running through the two barrels. Each barrel 
has a completely separate metering system, including the idle, though they 
both feed from the same float chamber. The float mechanism is of the Y 
ly])e wherein there are twii fioat.s in two chambers. The floats, however, 
arc rigidly connected together ainl the float chambers arc joined through 
a fuel passage that the resulting action is that of a single unit, and the 
net effect of the construction is to maintain a constant level on the dis¬ 
charge nozzles regardless of the angle the airplane assumes on the ground 
or in normal flight. The niixUire control, idle operation and adjustment, 
eic., are all Standard. The main iiictcring jets are located in the bosses of 
(he main discharge nozzles. 

The economizer action mentioned above is actually a combination of 
devices in that aside from furnishing a rich mixture at full throttle, on a 
|uick throttle opening an extra fuel sujiply is put into the barrel to aid 
iceeleratioii. h'igurcs ()l 5 A and B illustrate tlte economizer action, A showing 
he position assutncfl when the engine is idling, and Fig. 615 B at full throt- 
de. The |>osition and action of the fuel itself is also shown by the black 
'Cctions. The figures illuKtrating the economizer action do not show the 
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Fig. 616.^S«tiotial Drawings Showing Construction of Type NA-Y7A Strcmberg Carburetor Used on Wright ‘Cyclone Engine. 
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entirely correct detail of llie actual construction, more particularly the loca¬ 
tion of the difTcrent parts, 'riicy are drawn lo illustrate siiujdy as pos¬ 
sible the basic action unhanit>ered l>y the actual structural retiuircments. 
After the principle c>f o))cration is Ihoroixphly undcrstoiHl, reference should 
he made to Kip. 616 which sh<»ws the constrnctinii on the carburetor as it is. 
It Is Mcll also to follow the details throuj'h on an actual carlnircttxr so that 
<'ach ])art and its function arc known, The fuel enters the ccoiunnizcr from 
ihc float chamber Ihron^h the Mrtcnn^y Jet A (b'itf. 615 A), 

which is <if the same conslniction as the slundar<l Main Meterin^j Jet used 
III all Slronibcrjj carburetors, and serves to meter the fuel passiiu^ ihrouph 
ihc cctntoinizer. Hy chaii^in^' the size <»f this jet. the amount of inasiimtm 
economizer action is rcj^ulated. Tbc fne). after tiassinu* thr<mu'h this jet. 
flows up the imssafi^e U and across to the ertmonilzcr iirojK’r. It enters the 
('Conoinizer throne'll the port ('. rdlin^ nt> the ecoiuninzcr well space in the 
float chamber a> shown in the 11 lustration. 

The economizer proper consists <if two pi.^tons. I. and M. wi>rlviiuj in 
a sleeve K. The upiier jiiston L works to rejfulale the air hleerl to the 
ecmionii/er while the lower piston M operates on the fuel flow. The air 
blec<l at jiractically atmospheric i>rcsMire enters the passage J from behind 
(lie venturi, aiul tlin.ituli the ports K, K, K, etc , jja^ses to Itie nilerior of 
the eeommozvr. Through the eomuiou fuel and air passage i). it j^ocs li» 
the <liscliarue nozzle 1*. 'rhis air )decd actually serves to relies c the suet Ion 
esistm^ at partial throttle ojienin^s so (hat fuel will not be drawn past the 
|iiston M (elcaranee must be allowed for the oi»eration of the jnslon) or 
ilir*uiub the inissa^e 1% As the throttle is c»]icncd, the ec«»nomizei* moves 
dowiiwanl. bein^ actuated by llic earn lever F which is pivtiiivl at t» and 
operated by llie lever and ndicr If directly connected to the throttle valve 
"lem At iiitrniH’ihate throttle iwisitions. the piston M has moved rKiwn- 
ward nil til it covers the p«>r( (* as sluovu in Fit;. -• It will be noted that the 
piston lias not unwed downward ciioujjh lo cbisc olT the air ilow to the 
econonnyer. 

As (he throttle Is <»pened. the economizer is move<l farther downward 
until ill wtrle o|v*ii tliroMlr the position shown In Fiu*. 6].^ H is reached. 
Tlic fuel flow.s throuKh the t>orl (*, slrai^lit up the ecoinmilzer ami out the 
drschar^:e noz/lc. The t>ision I- now covers the air jiorls K, K. etc., so that 
I he Miction on the economizer .svsiein is at a maximnm. The clearaneje 
between the piston I. and Its ^iiide is ^reat cmiit^h so (hat tbc suction on 
I he ccoiioi Inzer svstem is at a inaxiuiiun. The clearance between the piston 
1. aiirl its Rni<le is f^rcat enough so (hat there is a small air leakaj;e past the 
piston. This air mixes with the fuel at O no that au ctniilsion of air and 
(nel issues frtnn the nuzzle P. 

In the above description the action of the cemnnuizer hu.s been consid- 
'Ted only at fixed thriUlle |H>sitions. The actual movement of the econo 
niizer is conindled by the shajie ed the cam porliun Z-Z of the lever F. 
This shape is made to ^ove a raiiid motion of the economizer over the first 
(►art of the throttle iipeiilni;, this movement i;rudually decrea-sinj; until over 
be last |>art of the ojienini; the economizer ha<l practically no movement. 
It is this ra)>id imocmcnt of (he ec<momizer which ]irovidcs the added ac* 
derating: charge on (|uick throttle openings. As the jnslon M moves down- 
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ward the fuel supply in the space I) Is forced out and up the passage E. 
discharging through the nozzle l\ This provides instantaneous operation 
regardless of the speed of throttle opening. 

Starting.—For starting Ihc engine the general practice given in the 
chapter on carhtirelors is recominendc<l. It can readily l)e seen that with 
the low speeds use<l in cranking, it is much easier to start the idle system 
to functioning than the main well. In starting, therefore, the thr<»ttlc 
should he kept clo.'*^cd. or nearly close<l. at least until tliu engine fires. 

This carhnretor has Init few ?m>ving parts to wear. It is of the plain 
tuhe tyi^e an<l the only moving tJarls are thi»se of the cccmumi/.er, 'Phese 
are clesigned for a ininiiiHiin of wear nii<l with ordinary care w ill last in- 
definitely. Once set for the engine (he carlmrelor should function properly 
at all times* unless there is some arlnal (lart breakage. stnpj)Hge <»f fuel or 
similar failure. 'Phe throttle shaft is of brass and is held in tnonel bearings. 
The float pivot |»ins are of monel and work in btishitigs. There slumld be 
no evident wear after some hundreds of Innirs of service. Tbe range oi 
idle n<]justinent on this carburetor is in excess of that needetl to care for 
any variation in engine re<|niremciUs. It is elective <mly from e.xlreme 
idle to*a))proxiinHtcly UX) or 7(X) r.p.ui. of the engine. Thai is to say, it is 
intentionally so tiesigiierl that any sjiecific idle adjustment re<(ulre<I for par¬ 
ticular engine conditions will not alTect the main running range. 

There is a .separate i<llc adjnslnienl for each barrel and the actual regula¬ 
tion is made by swinging a small lever im a <|iia<lrant. ('are shouhl hv taken 
in making this adjustment. Primarily it is. of course, necessary to furnish 
the engine with the ]>roper inixture s^i that all cylinders arc firing at all 
times snuHithly ami positively. The adjustment should he made when the 
engine is warm hut the <ipcratMm enl<l should he cared for hv selling the 
mixture as rich as possilde and still fulfill all engine requirements for good 
operation in a warm condition. The carlniretors .should al every fipj>i»rtu- 
nity he checked carefully to see that all parts, screws aud conneetions are 
tight and that all controls are functioning properly. See that the packing 
gland on the altitude control valve .stem is sufficiently tight to prevent air 
leakage at this pennt. The fuel strainer in (he carburetor shouhl he cleaned 
regularly. 

• Due to limitations of space, there is very little clearance lietw'cen the 
top of the economizer .s(em an<l the carburetor attaching stiul.s ami nuts, 
when the economizers arc in the raised tH>sition. See that there is no inter¬ 
ference at these points when the throttle is completely closet!. The econo¬ 
mizers are carefully a<ljusted and locked in the proper p<isition at the fac¬ 
tory. They should not be disturhe<l unless it is knowm for certain that 
they arc not functioning correctly. If it docs become necessary to make 
an adjustment* it should he <ioiie carefully and with a full knowledge of the 
construction and operation of each ]>art. Both the adjusting nut on the top 
of the stem and the lock nut on the bottom of the piston are secured in place 
by spreading the economizer stem at the etuU. It will, therefore. l>e necessary 
to use some force in unscrewing these parts and when replaced they should 
be again locked in place. 
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Overhaul.—As notctl under “Rcnch Inspection,” in the Carburetor chap¬ 
ter the carburetors, at any lime it is deemed necessary', may be partially 
tlisasscmided and ^iven a thoronjjh inspection to determine their condition, 
h is recomnH*ncle<l that this be <lone in alt cases of doubt. The operation 
oi the eiiKiiie <le|>ends to such a large CNtenl u|Mm the carburetter that its 
condition should be kept at all times as nearly perfect as is )>ossil)le. For 
an overhaul, the carburetor shoiibl be almost coini)lclcly disassembled so 
lliat the ciMidition (»f every tKirt can )>e determined. An aircraft carlmrctor 
which is properly overhauled should be in exactly the same condition as a 
new one. This rc(|iiires a ihorungli knowledge the carburetor and pains¬ 
taking allenlioM to every detail of disassembly, examination and rc-as* 
‘.einbly. The pr<»cedurc given in the chapter devoted to the Strom) >erg 
Aircraft Carlnireti»r sht>tild be followed in all iiarticulars. The illustration 
(d the carburetor slK»wn at big. Olf> should be examined carefully, with ])ar' 
iicular reference to ihe actual mechanical construction so that the disas¬ 
sembly and re-a>M'nibly can U* jwoperly made. H'hc carburetors have been 
designed in so far as pcpssihle to peepure no special tools. However, as is 
necessary for all go<Hl work, llie best of t«H>ls should be used and only those 
which are e.xactly filled to the work, f’arucular care should be taken to see 
tliat gasket .surfaces are not injured, Especial carefuhies.s is also reepnred 
fur the pri>]ier assembly ant! <1isassenib)y of the float mechanism. This in 
made of s(urd> coustruclion to slaiicl hard service, but it is necessary for 
|n*opor operation tliat it be assetnble<l with the pivol.s accurately linc<l up. 
and tin* neerlle in its jirojicr location at all positions of ojieration so that 
tliere is no teiuleticy to bind. l>e certain that the t1i»al does not rub on the 
carburetor watts. 

To disassemble the Mislel NA-V7A carburetor, it is necessary first to 
remove the nine fillister beat! screws which hold the two halves of the car¬ 
buretor together. One <jf screws is i[uite long, passing from the upper 
flange snrf.'ice coinidetely through the iijiper h.alf. It is located rinmedialely 
bchiinl one of the center attaching stud holes. Sometimes these halves 
slick together after long service but will hnisen easily with a few light 
blows from a rawliide mallet on the lower half, holding the up[icr half 
vccurely in one banc). After the halves are looseiic<l from each other, care 
'•lumbl be e.wreised in sepnraling them. If they are not separated by draw¬ 
ing Hie surfaces directly apart, the ecoiiumixer guides may be bent. To 
remove I lie venturi lubes, it is lU'ce.ssary to first remove the economizer 
discliarge no/.zics fn>ni both barrels ainl the altitude control suction nozzle 
fi'Uu the right barrel. 'J'hese nozzles screw inUi the upper half and are 
leached by removing Uic three small headless screw plugs on the outside 
urface of the casting. Then un.screw the two plugs in the bottom of the 
lain discharge nozzle btis.scs. Clnscrewing the accelerating well screw 
ill allow the rcnunal of the main discharge nozzle proper and the acceler- 
<ting well screw. After these are out. the accelerating well stud should be 
^screwed from the main di.scharge nozzle. The location of the gaskets 
‘moved should be carefully noted so that they can be pul back correctly 
^ place when the re-as.scnihly i.H made. Renuwe the strainer from the 
irainer chamber. 
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Thi’ fl(Kit as^cmlily ami flciiii valve can l>c taken out by unscrewing the 

two float fulcrum screws ami removing the j^asolinc baffle jOate. The float 
fulcrum scrc\\s should be inarko<l so that each vnUI l»e relumed to the sule 
from which removed. The sol me baffle plate shoubl tiWt be marked ita 
in.surc freeilom from un> bimlin^ action due to reversement in assembly 
Unless it is known that the float le\el in the carhiiretor is incorrecl. it is mt{ 
necessary to retnove the float neeclle valve seat, 'riiis has been seeurelv 
placed in the carburetor and is .set at the pnijuT position to maintain tlu 
correct fnel le\cl. H an e.sainination shows that a new necflle is needed, 
it will then probabb be necessary to reinose the seat to obtain a liubt lii 
with "the new neeille and to reset the level, keinove the idle air blecilei^ 
and the idle lubes by nnserewin^ from the np]ier half. See that <Irilled pas 
sat^es arc cjpen. 

'rhe mi.slure control valve is openeci inspect Ion when the cover is 
removed by unscrew inj; tbe small fillister head scrcv^s, If the mixture coii« 
trol valve is renmved. mark careful I v as each \al\c is Indivitluallv fiitetl and 

• 4 

they arc not lnterchanj;eablc. If the ihnmlc valves fit accurately and llie 


throttle shaft works freely in its hearings, it is not necessary to reniow 
these. In case of removal the throttle should be marked b»r retitliMjj These 
throttles are machined acenralely at the exact anj*le they lie m the Car 
buretor barrel (Iwenly dej»rees with tbe horizontal i. 'I’he Imrrels are care 


fully finishe<l with a reamer which is held to within five leii-lhonsandlhs of 


size. In the renminj;, hcwvever, the barrels attain flilTeieiii ilej^^rees <»{ heat 
and there may be sb^dit variations in si/e. h*or tills reason the throttles 
are each fitted individually on the ori^^nial as.scinblv I'horcfore, when re* 
nuwiny; them, mark carefully so that each throttle is returnetl to the proper 
barred with the in'iipcr face up ami all ponds <in tbe circumference in exactly 
the same U^cation as before removal. The hexagon head i<lle mljnslinenl 


holder sh«mbl be tin screwed and the a.ssciiiblics rciiiovc<l. 


The economizers can be checked in jilace in the ui^ijer half ami this is 
the f»rcfcrable methotl. 1*hey should work tojjethcr; that is, the positions 
shoubl be relatively the same for each throttle pusttnm. When the throttle 
is clo.sed, the econoiui/er should be in the full **up'* uitli the |)ori 

C show in approximately lialf open bej<wv the piston Jl. This is <!elennined 
by the actual coiistrnctioii of the ccinnanizer. the up]>cr piston L sto]>piim 
squarely tm a shoulder, and iinle.ss the ecoiioini/er has had s«*me major in¬ 
jury or <ieran^emeiil. this jiosilion will be fouml correct. The imwemem 
of the economizer is determined by the shatje of the cam am! as this i^ 
al.so accurately made ami sol at the facl<»r\. it will .seblnm be found in- 
C(»rrect. The movement of the economizer, including the ojieraliut' levci 
sh<iuld be free and easy When the tipper half is hebl m a normal 
position, the economizers shonhl drop freely of their <»vvn weight. If it i- 
desired to disassemble the economizer mechanism, the first operation is to 
remove the jjivot screw G. This frees tbe lever F and the ccommiizei 
assembly is then unscrewed from the bottom of the upper half as a unit. 

Care should be taken to see that the economizer stiriniy is not injured 
or altered. The ten.sion in this spring; is anij)le to care for the ordinar> 
friction developetl in operation hut is held at a niinimnm consistent witl. 
this rec|niretneiU so as to cliiuitiale as tnneh wear as tnissible from the can 
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c.\tv an<l oj>cralinjj roller. An excessive tension also tends to produce a 
tiff throttle action. On ro-asseinhly the economizer must Ijc returned to 
IS proper location in the upper half and the adjustment made before it 
an be fastened \n iJosiiion, That is, the proper a<lju>tnient cannot be dc- 
enuined with the economizer ronu^ved from (be n])]>cr half but must be 
.iiadc with all jiftri^, inclndin;^^ the cam lever, in their iJr<»pcr positions. The 
[•referred mctluid is to make the adjustment with all the iinils in place and 
Miuclfoiling. an<l then to renmve the economizer nsseinbly for the fastening 
• if the adjusting iiiit in jdace. Great care shoul<l be taken to sec that all 
I arts are i»roj»erly filieil, that the moving parts are functioning freely and 
iliat there arc no injuries <»r inisaligiiments which will later give trouble, 
f'.acli economizer slnmld be returned to the side from which removed. 


'I'he re-assembly of the carburetor is <»f course just the reverse of the 
(xoeess given above. 'I'oo much care cannot be c.xerciscrl in making it. 
h.veii v|i;»hi ilefects, tmiivsinn of any <if the nutiUT<ms gaskets, injury of 
^avkel surfaces, mclusiiui of chips or <hrt <»r any seemmgly minor error may 
muse jioor i peratioii <ir a complete failure to o]>era(e. After the assembly 
of the lower half, the lloal level should he carefully checkerl following the 
ihrectioiis giv<’ii in the chapter on carburetors, Tliis check .should be made 
.IS nearly as possible ninler the ex.ict condiiioiis <»f head and vvitli the same 


fuel as enc<niiilerecl in service, 'riie wear on any part id the Moat mcchaii* 

isui is sti minute that the float level w ill u-^uallv be found to be correct 

« 

within the allowable lolerancc. and reseltnig should bean uncomnum ncces- 
-ily. When neces>ary. however, it .'should be changed without hesitancy, 
follow nig carefully the ihrectioii.s given. 


Ill assenihling the nj»per and l<»wer halves of the carlmretor higclhcr, 
It should he made certain that tliev lit well, It will he noted that the ven- 
Inri tubes are held ni (dace by a slnmlder macliineil on the tube itself fitting 
into a groove ni tbe lower Inilf. 'Vhe thickness o1 the shouhlcr and the 
ilej^th of the gujove are nearly the same &«» that the veiihnis will he held 
lightly ni jilace an<l will n«»l move under vibration. There is n clearance 
Ml two to three thoiisauiltlis of an inch left between the venturi diameter 


;iinl the bore of the carburetor. In this particular model (the NA-Y7A) 
there are four parl^ (two venluris and twii eemumnzer guides) to fit closely 
mto the fi»ur ctirrespoudmg machined ojK*nings. It is obvums that the 
parts must be accurately sized and in |H*rfecl alignment if tlie halves are to 
go together properly and easily. Check carefully to see that the venturi 
noidders will u<»l hold the tw*o halves apart, for should thev flo so, the rc- 
'uhuig action will he the same as that from an imperfect mam l>v»dy gasket. 
Mio assenihly of the two Inilves is best made by having the venturis in 
I 'ace in tbe ujiper half as the assembly is started, making certain (hat they 
c ill the pr<»jicr poaitum to let the alota in the bottom fit over the main 
« II* bleeder arms. 


'1‘lirce |u»iut.*< of vital imjH>rlanco in the re*asseiiibly vif the carburetors 
c: Tln‘ Main Hotfy Cnskrl: Tibs .shonUl be in perfect condition. If the 
isket is torn at any tudiit around the float cliamber vir any of the mixture 
iitrol drillings, it will not vmly allow fuel to seep nut of the carlnirctor, 
It will seriously interfere with the mixture control action. If torn or im- 
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(>frfcct around the idle tubes, it will cause poor idling' operation and even 
cause the enijine to cease firinjj entirely. If the gasket allows any connec- 
ilun between the idle tubes ami the float chamber, the engine w ill not run 
between (3CX) and l.20() r p.ni. The JtUe lyhchartje Jefs: These should fit per- 
lectly in place wilbemt forcing and should r<»tate freely. They are different 
111 the right and left barrels and each nuisl. of course, be returned to its 
{iro)>er side. The I'euturi Tnhv: As pre\iously coverc<l. it is most essential 
ihat the carburetor halves fit securely and .sc|uarcly together. If they do 
not do so, the trtnible may be found in the venturi fit. 

J6 "Whirlwind** Series.—'I'he Wrrghl "Wliirlwiiid** engine has l>ccn im¬ 
proved an<l new scrie.s has been announced by the Wright Aeronautical 
C’orporation fi‘r production during The new line ctunprises three 

lyjics wlilch are illustrated at Figs. 616 A. II. C* and I). The five cylinder 
IS rute<( at 150 liorse]»ou er, the seven cyliiuler at iJ5 horsepower and the 
lime cylinder at .100 horsepower. Like the well-known J5 *'Whirlwind," they 
arc of the fixed radial air-ciMiIed type operating on the four-cycle principle 
using domestic ovlation gasoline. I btfering only in respect to the camshaft 
and nunilicr of cylinders, the throe lUtKlels have such interchangeable parts 
a** cylimlcrs. pistons, connecting rods and crankshaft. 

The I Irak e horsepowers given here were <diiained in air at 60 degrees 
l^'alirciiheit and inches barometer. In each of the three inodel.i the 

ina.xlnium fuel consumption i.s .55 iMUinrls per brake horsepower t>er hour 
at rated ]>ower ami .speed. Maxiniiiiii oil coii.suin]>tion is .0.15 pounds per 
brake luir.se]It Iwer per hour at ratcil 


Minfil 

tylitnirrx 

rati ft fftmH'r 


U‘ei<jhi dry 

l<*.540... . 


.I50hp. 

_1.W0_ 

... ..370 pounds 

K-760 . . 


.ii5 liu. 

_i(X)0_ 

. .. .425 nouuds 

\< d7.^..., 

.nine. 


.i.(100.... 

... .4H5 jiounds 


']'he above weiglit.s do not incliKic .starter, starting magneto, fuel pump 
or propeller hub. They include carburetter, coint>lcle ignition sy.stem 
with dual Scintilla magnetos, magneto advance and retard mechanism, and 
od pump. 

Cylinders have a lu^re of five inches, and the pistons have a stroke of 
five and one-lialf inches, giving a compression ratio of 5.1 to 1. The total 
|d>ton disjdacenients of the three rmxlels are as follows: five-cylinder, 540 
<ul»ic inches; .seven—cylinder. 756 cubic inches; nine-cylinder, 975 cubic 
inches, 

Kach engine is submitted to an acceptance test as follows: running in 
until ready for preliminary lest The preliminary test consists of two 
^ ^mrs at rated ]iower. After this test the engine is disassembled for 
"i^pection and such corrections made as may be necessary. The engine 
’ then re-assenibled and submitted to a final acceptance test consisting of 
hour at rated power and hour at full rated power. During the 
St Yz hour of this test, readings of power, fuel and oil consumption are 
adc to demonstrate that the engine meets the guaranteed performance. 

Besides being fifteen pounds lighter than its jiredecessor, the "Whirlwind** 
\ the 300 horsejiuwcr iiUMlel is also inure efficient. Head resistance has 
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Aiumifium alloy pistons, cross ribherl on the tinder side of the head 
and fitted with full floating hollow pins are employed. The wristpin, 
which has an average diameter td inch, subject to certain tolerances, is 
held in place by expanding spring wire locks which prevent wearing the 
cylinder walls. Wristpiiis and cylinder walls are lubricated by oil spray 
from the crank and knuckle jdn hearings. Piston heads are slightly con¬ 
cave in shape and Ibis feature, in conjunctum with the internal shape of 
the cyliiKlcr head, produces an aluiosl perfect spherical cc;mbuslic»n-chambcr 

As is usual in Wriglit engines, the eonnecting rods are alh»y steel 
forgings and ctinsist oi a tme piece master rod ami the arliculaied rods 
Wristpin and knuckle pin Inishings are of bronxe pressed into the articu¬ 
lated rods and the crankjdn lM*nrii)g is of anti-frictum tiietal, steel l)ackeil 
and pressed, and dowel led into the big end of the master rod. 

The single throw, two piece crankshaft is made from allt»y steel forgings 
and is c<uinterbalauced to rhininale vibration. 'I'he crankshaft is drilled 
to pmvide oil passages giving positive iiressiirc lubrication to the liearing 
surfaces. 'Die iiveral! length of the standard crankshaft is inches. 

1'he valve niechanistn. including the juish rods, is coniplelely cmdosL*<l. 
and the hMU.''iiig for the meker arms is cast integral wiili the cylinder head. 
Hardened steel cam followers operate throngli rollers of the same material 
running on the cam ring, ami push nwls of hollow steel lulling filled with 
case hanlcned steel I will ends actuate the forgeil steel ru'kcr arms, The rocker 
arms arc rurrie<l mi special ball bearings lubricated by the Aleinite. or 
Zerk, jiressurc systems, and have provisiem for (he adjustments necessary 
for correct valve clearances, 

Tulip shaiK'd valves of ainjiie area arc nsctl with a s'did stem for the 
inlet and hollow .stem for the exhaust \alvcs. The tliatnetcr of the inlet 
valve acniss the head is inches and that <»f the stem is J/ inch. The 
exhaust valve diameter acr*»h5 the head is inches ami the diameter 

of the stem is inch. B<uh inlet and exhaust valves have a lift of 
inch. Tliree springs are fitted to each valve insuring reliahilily as the 
valve can be operated by any one <if (he springs, I'hc valve springs arc 
helical and arc made fr<jm s]>ecia1 heal treated spring sled wire. 

Oil is forced to the rear of the hollow crank>liaf( by a pressure pump 
and is distributed to the lieanugs unrler jiressure. Kxce.ss nil drains into 
a suntp located in the main section of the crankcase between the hotlnin 
cylinders, From the sump, a single suetion puniij delivers the oil to the 
main tank in the plane, passing it through a strainer installed at a con¬ 
venient point oiitSKle of the engine. Hy this means foreign matter is 
removed from the oil, and the strainer is accessible for frcfjuent cleaning 
No external oil pipes are used in the lubrication system. This feature 
precludes the jiossibihly of leakage from that source and prevents excessive 
chilling (>f the oil in cold weather. Oil pressure is regulated by an adjust¬ 
able valve. 

Two flange mounted Scintilla Tiiagnelos at the rear of the engines fur* 
nish ignition for the two separately c<mnccted sparkidugs in each cylinder 
A!th<mgh the magnctt»s n<»rmally operate simiiltancoiisly, of course, tlu 
engines will operate on one magneto with but a slight reduction in speed. 
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A special Strom berg carburctejr of the single barrel type, mminlcd on 
ihc rear section of the crankcase, supplies the mixture which passes from 
(lie carburetor to the ‘'diffuser'* chamber of the crankcase. This mixture 
ts distributed evenly to all cylinders by the General Electric redary impeller 
mounted in the diffuser chamber. This positive control of the mixture, 
obtained through the particular design of the rotary induction system, 
eliminates the vibration which wonhl result from irregular mixture distri- 
lnili<m. A “hot spot’* is (iruvided above the carburetor wliicb thoroughly 
vaporizes the niixlure. This feature serves to insure smooth r^peration of 
the engine wlicn using any of the various types of gasoline, 'Phe tempera¬ 
ture <if the hot spot can 1»c regulated fnnn the jiilol's seat in order to obtain 
maxiiuuni cfllcieiicv and fuel ecoiioiiiv uikIct all conditions. Provision also 
IS made t(» obtain a su])ply of clean air to the carburetor at all times. 

A fifteen nnijKTe. fifteen \<»lt ludipse generator can be installed as 
Mjitioiial equipment on the K-'*75 and k-7fin engines. The first 500 of the 
Is-540 engines, however, will have no provision for generators, according 
to the present jdans. After are ppKluccd prtivision may be uuule for 
generators depending uimui the demand indicated by the sale of the first 
500 engines While starling ei|ni]nnen( i.< optumal. an Kelipsc .Series six 
electric inertia starter is recominendod b»r the U-^^75 engine, an Kcli]>sc 
Series six haml inertia .starter for the l<-760 an<l an l>lipse hand starter 
Series l-fllb6. with a InHister incorporated for the li-SM). 

Tlie si»ecificaln»ns (nriiislicd by the inamifacturer are as follows: 

Type. ... Air cooled, hair cycle, fixed radial 

NuhiIkt of cylinders (R-Wi.0 

Number id <ylmcWs lK'7i>nj .7 

Number uf cylinders (K54tM .5 

ftiire <.<«.«•> ,,, • • • •• ... in, 

Stroke. . ,. Syi in. 

Djsplarcnicid fR-*J75j .975 cu in. 

DispUcpmciU tk-7<'0) .7'>6 cu m. 

Displaccincni . .54(1 rti in, 

C'lffnprcssion rati*» . . .5 to I 

(nuiraiiiecd hp at sCci level iK-^rSi ..VM) at 2.000 r.pm. 

(luaranlecd hp at mm level (K-7(^)).225 at 2,000 rpm. 

(linranUrd hp al sea level (I\-5-ltM .150 at 1,S(K) rpm 

(lUarnilived nux, fuel omMimptnrti. ..S5 Ih \H'f hp hr at rated hp. and speed 
(juaraiiteod nuix nil erm^umptiink . .035 Ih per lip hr. a I raid! lip. and speed 

I.cngth t»vtTall willumt slarU'T (R-975).41 1 ’* in, 

Ij-uglh nwrall wiilunil starter iR7(iO) . 40rt m. 

IcCiiKlh ovcndl \vilh<nH Marlcr {K-540) .40^ in. 

Diameter overall.45 hi. 

\V>ij?lit dry t R-975).4k5 Ih, 

WeiKhi dry (R 7MM .425 Ih. 

Weight dry (R.540).370 1b. 
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Fig. 617.^ide View pf Pratt & Whitney '*Wasp'’ Engine Showing Compactness 
Design Made Possible by PadUl Disposition of Cylinders. 

QUICSTIONS 1‘Ok KI'VIFAV 

1. Wb.'il I '|K* tti snjH’rcliiirgcr Is «mi Wrliilii Cvrjom* cumIih’? 

2. Whal 1 thv cninkshaH cc.tis1riuin«i oi Wni'lil ( yilcjiu' rnjiitK'? 

3. ]li»w (I ics llic (!yrlitiir differ from the *'Whir1win<r' engine? 

4. Wluil 1 lUe < vrionc vaKr tiinnig? 

5. Wiiat a T Hie mam e.mses of rough niniiing uf Cyclone engines? 

6. Describe fliglit oiataiiun uf Cydunc engine. 


CHAITKR XXXV 


PRATT & WHITNEY “WASP*’ AND ‘HORNET” ENGINES 

Description of *‘Wasp’* Engine-—Crankcase^Crankshtft—Connecting Rods—Cylinders 
—Valve Mechanism—Timing Gear—Accessory Drive^Lubricating System- 
Intake System—Accessories—**Wasp" Specifications—Wasp Engine Operation- 
Propeller—Fuel—Lubricating Oil—Proper Operating Conditions—Starting—Hard 
Starting—Ground Test—Rough Running—Oil Pressure—Oil Leaks—Treatment 
of New Engine—To Best Economy—Cold Weather Operation and Surting— 

Periodic Inspection—Storage of Engine—Top Overhaul—Disassembly—Inspection 
of Connecting Rods—Removing Valves—Valve Grinding—Inspection of the Pis¬ 
tons—Assembling—Ru ruling I r>—Repair Station Tool Equipment—Complete 
Overhaul—Taking Down Crankcase—Disassembly of Accessory SectiorH^FIosting 
Gear^Disassembling Crankshaft—Rod Disassembly—Miscellaneous Parts DIs* 
assembly—Clutch for Blower Drive—Assembling Clutch—Inspection for C\w~ 
ances—Piston^Cylinder^>Oeari—Replacement of Parts—Assembling the 
Engine—Safety Locking Devices—Blower Section—Rear Section—Connecting 
Rod Re-asiembly—Crankshaft—Assembling Rods and Shaft in Case—Timing the 
Engine—Magneto Timing—Running In—Table of Pits, Wasp Engine—Descrip* 
tion of the Hornet Engine—Operation—Inspection—Timing-Specifications, Hor« 
net Engine—Table of Fits, Hornet Engine. 

Description of the “Wasp” Engine.—The Pratt S: WhiUicy “Wasp” 
ciigiuc has nine radial air-nKilrtl cyliiKlcr'^ nf bore aiul 5)^-inch 

stnikc, ami is ruled 450 1iorhe|)t>\ver at 2.1110 r.]>.m when ctpiippcd for mill* 
larv use. Other ratiiij^s arc specifietl for comincrciul operation, and in every 
ease the rating' of the individual engine is gnten on the engine nameplate. 
Tlie uni<[ue features of this engine are ils solwl ina.ster connecting ffjd and 
iNVo-jiiece crankshaft, the forged alumiiuim crankcase, enclosed valve gear, 
huilt-in supercharger, and ll>e grouping of all accessories at the rear. These 
major features cumhinetl with j^ainslaking niannfacture make pcjssihle the 
\Vasp\” dejjcndahdily and a high performance for the airjdane with which 
it is e(|uij)i)ed. Figs. 017 to (>20 inclusive show the constmcticm and ex- 
lernal a)if)earancc very clearly. In I his chapter the following definitions 
will he used: The propeller end of the engine will he called the front and 
the accessory end the rear. The direction <»f rotation of the crankshaft is 
•iiiti-chjckwise when viewed from the propeller. The cylimlers are num- 
hered consecutively in the direction of rotatum beginning with the top cyl- 
imler, which is called No. 1. 'J'he right and left sides oi the engine will be 
refcrrctl to as viewed from the rear. 

Crankcase.—The main crankcase is divided inlt* tw<i similar sections in 
I he I dune uf the cylinders and niiilcd by nine through holts between the 
cylinders, as well as by the cylinder Hauges. With I his ccmstniction the 
explosion forces arc ccjually distrihuted hetween the two main bearings, one 
of which is carried in each section of the case. 

The NOSE, or front section of the case, is hemispherical in shape. It 
carries a deep row liall hearing which transmits the Ihrust of the pmpeller 
from the shaft to the engine mounting via the crankcase. The valve tappets 
ijrcalsii carried in this section which encloses the cams and iheir operating 

nc7 
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mechanism. Tlic BKOWKR or moimtinp .section supports the engine in 
the aii’planc and is attached ti> the rear <if the main case. The supercharger 
i.s carried in Ibis section, together with il.s gearing. The mixture is fed int«> 
an annulus frenu the impeller and thence to the cylinders by means of tan¬ 
gential j>ipcs. The rear or accessory section of the case is attached to the 



Pig. 61S.^Propeller End of Pratt ft Whitney “Wtap” Engine, a Nine-Cylinder Radial 

Air-Cooled Form. 

blower section. It carries all the accessories, including t\v<» Scintilla mag¬ 
netos. an Eclipse inomenttnn starter, fuel pump, dniitde Stromherg car¬ 
buretor, oil pumps, strainer, relief valve, tachometer drive, and two syn¬ 
chronizer drives. Provision is also made for mounting and driving a gener¬ 
ator. The blower and rear sections of the case form an assembly and may 
be removed from the main case a.s a unit, without disturbing any of the 
accessories or their gearing. Likewise, the lUiiiu and nose sections may be 
removed as a unit with the cylinders in place, leaving the blower and rear 
sections in the airplane. The sectional views at Figs. 621 and 622 show the 
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mechanical (Ictails clearly. 

Crankshaft.—The single throw, two-piece crankshaft is supported on 
ihrcc bearings. There i.s one roller licaring on each side of the crankpin, 
and the third, a ball bearing, just behind the prc»pellcr huh. takes the pro¬ 
peller thrust as well as radial load. To assemble the single piece master 
rod the shaft is divided into a frn’warcl and rear section M'hich transmits the 
]n»wcr to the propeller hub carried by it. 'I'he rear section telescopes into 



Fig. 619.—Pratt ft Whitney *"Wasp** Engine Viewed from Accessory End. 


the crank])in, and i.s carric<l conipletHy through it. The two .sections are 
niiilecf by a through boll ancl kept in the proper angular relation by .splines. 
1 he sectional view at Kig. 621 .shows the relation of the shaft to the rest 
‘>C the engine and the crankshaft part.s as they aiijicar when that member 
is taken <iowii are shown in photographic reprwlnction at Fig. 623. 

Connecting Rods.—The master c<iuiu*cling rod ha.s a solid in.stead of 
detachable cap big end. Thi.s construction makes possible high crank 
which have been iniiKissiblc with the two-piece rod, Babbitt-lined 
hig end bushings are inserted in the rcrfi and bear directly on the crankpin. 
Kighl) section link ro<ls arc attached to the master r<Kl bv mcan.s of knuckle 
pins. Each rod is bronze bushed for the piston and knuckle pins. Oil is 
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carried under pressure to the bi^ end bearing, and also to the knuckle pins. 

Cylinders.—The cylinder barrels have intefjral fins and are machined 
from steel for|;in^s. Each barrel is screwed and shrunk into a cast aluini* 
num cylinder head fidlowinp the usual hi^'h class construction. This is a 
permanent j<»int and cannot be dlsa.sscmblcd. ICach cylinder has one iulcl 
and one exhaust valve, seatinj; <mi bronze Inserts which are shrunk into the 
head ca.slinit. 'J'be proper ciKilin;; of the eshaiisl valve seat and stem is 
of preal inip(»rtaiu*e, especially in an air-cinded etij;inc. The iVall Sc Whit¬ 
ney engine has the valve gear housed in uxtensums cast on the cylinder 



Fif. 620.—Pratt A Whitney “Wa$p" Engine Viewed from Anti-Propeller End Show¬ 
ing Where Various Items of Piping are Attached. Locarion of Oil Strainers. Etc. 


head. These parts form adtlilicmal radiating surface, and the one on the 
exhaust si<le is provided with ctKiling tins. As a result of this construction, 
valve gnn<(iiig is saiil to Ik* mre^sar) lui ofU'uer than every JtKJ to .VK) hours 
of service. 

Valve Mechanism.—All valve i»i>craling parts arc cnehjsed. The rocker 
anu.s are suppi^rtcd by hall bearings in the nwker housings uhich are part 
of the cylinder head. The eighteen tappets arc located in the front section 
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nf the crankcase and actuate the rocker arms through tuhular duralumin 
jjiish rods which have hardened steel hall nicls. These rods arc enclosed 
l>y telescopic Covers hrUl in jdarc hy springN. 'riiv oner Inhes can he col- 
lav»scd h\ liaixl, anil hayoiud locks arc pn»vidcil lo rclain Ihcin in this con¬ 
dition while they arc hcliig rcninvc<l. J’-uclj mckcr lumsing has a rcinov* 
aide cover held in place hy a sj*ring hail. Thoc covers and the push rod 
rovers and push rod.s can he reniovei! without special tools. Two concen¬ 
tric valve springs are used, secured to the valve stem hy a split cone and 
washer. Inlet and eshansl valve springs are interchangeahle. The valve 
'‘prings can he rcino\ed wilhonl taking out the rocker arms. After the 
y\\K\\ hh] is taken ont, the rfK'ker arm can he tii»))ed np far enough to allow 
ihc valve s]»rings to ]k\ss. The valve clearance adjusting screw is in the 
end of the rocker arm over the valve. A half hall i> ti'»cd hclwcen the ad¬ 
justing screw ami the valve stein to minniiiae friction at this point. 

Timing Gear .—TUv caui.s, which aelnale alt the valves, run on a sleeve 
on the crankshaft as shown In sectional view at h'ig. (*2l- A train of spttr 
and internal gears clrive the cain.s at crauk**liafl speed in the ojiposite 
direction to the crauk'nhaft rotation. The cam drive gear on the craiik^'haft 
is not kcyeil to the crankshaft, hut to tin* sleeve <m vvliich the cam itself 
rotates. The front cml of ihix sleeve has a large inimhcr of serratums 
which mesh with similar serrations on the rear eiicl <if a sleeve which carries 
ilie prrrtH'lliT thrust iM'aring. TIu’m* two m*i c»f tmh are normally hcht tigluly to¬ 
gether hy the thrust hearing nut. When the engine i.'^ heing limerl, how¬ 
ever, this nut is slacked olY, the two-sleev e»» arc -slightly separated as shown 
at l*'ig. 624 and the cam can then he turned hy a s)»eclal wrench which has 
teeth to engage* with one of the cam drive gears. After the ailjusimcut is 
made, it is kicked hv .screwing np the pn»jicller thrust hearing nnt. 

Accessory Drives.— Vhr accessories are driven hy three lay shafts which 
extend entirely througli the hlower and rear sections. l**ach shaft carries 
a sjuir gear at its forward end. which engages vvilli a gear attached tii llte 
rear of the crankshaft. 'Hie upiHT shaft provides a <lrlve for the momentum 
tarter and a generator if use<l. J*Iacli of the two lower sluifts drive.s a tnag- 
iielo at its rear cml. through n readily adjnsiuhlc couiding. Ifesides this. 
iWi) vertical drives are provule*! for hy a hevel gear on each shaft, ^1 he 
ui>per drives arc for two gnn sviichnnnzers am! two taclnmieters, while the 
lower drives an t»il pnini> on the right side and a fuel pnmp tni the left. 'I'he 
tipercharger impeller shaft is in line with the crankshaft and driven from 
‘1 at high sjieed hy two pairs <»f spur gears. 

Lubricating System.—'l*he oil pump a.sscinhly consists of two gear 
pinups, one siijiplying <nl under pressure to the engine hearings, ami the 
other for scavenging. Oil is taken from the lank hy the pressure pump, 
and after pa.ssing through a strainer l(K*aic<l just forward of the carburetor 

carried through the hUwver section, down into the sum)) and thence up 
uilo the huh of the cam drum in the nose i»f the engine where it is fed into 
'he crankshaft. A relief valve to regulate the oil pressure is located beyond 
the oil screen just off the strainer chamber. The crankpin hearing, 
knuckle pins, cam drum, cam drum j>iuion sl^afl, accessory .shafts, ami the 
'^percharger gearing are all lubricated Vy oil under pressure. Oil is taken 
from the strainer chamber by drilled passages to lubricate the accessory 
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Fig. 62l.^ScctionAl Diagrams Showing Numbered Parts to Serve as Kty Numbers for Tabulation of Pits and Clearances; also Con* 

structioa of *'Wasp’' Engine. 
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Irives. All the other cnifinc parts arc provhlctl for by the mist or spray 
from the pressure oileci parts except the riickcr anus and the inagnclos. 
The surplus oil drains inl<j a sumi» carried lietwccn cylinders No, 5 and No. 
o. from which it is relumed to the oil tank by the scavenging pump. The 
discharge or warm oil is carried in a jacket aroiiml the carburetor dhow 
lu prevent the throttles freezing. 

There is an external Alnuile nijjph* on each valve rtjcker htnjsing, and 
lubricant apjdicd here suii)>lies the n)cker bearing an<l also reaches the push 
lod .socket through a hole drilled in the r«Kker. There is alHi» a similar 
nipple in each \nl\c adjusting screw, to liihricate Ihe half ball which hears 
i»n the valve stem. 

Intake System.—A rloublc barrclle<l SlronilKTg carburetor is used. 'I'he 
engine has jirovision ft»r driving a or Air Service type fuel pump 
which can he Rupidie<l. with both an integral pressure regulating v.'^lvc and 
Iwjiass valve for the hand ]niniji 'bhe mixture i.s taken from the car¬ 
buretor and <iclivered to the cylinders bv means of a General Electric cen- 

• • 

trifngal .siijiercharger. The fuel pump, carlnirctor, and siijicrchargcr are 
located at the rear of llie engine. A mixture ccmtrtd is provided which is 
eflrctive to 25.(K)0 feet. 

Ignition.^Ignilion is fnrnishetl by two nine-cylinder Scintilla magnetos 
loealed at the rear of the engine, each liring sjiarkidngs iii all nine cylin* 
Hers, thus giving two indet>eii<lcnt sources of ignition. A Splitdorf hand 
booster magneto i> fnnn.shed For starling igiiitii»n. 

Starting.— An Kclijise momeninm starter can be Fnrnisheil. ICnergy is 
slore<l ill a small Hy wheel running at high spee<l which furnishes p<j\vcr to 
slart the engine. This Cf|uipnicnl is cai*able of turning the propeller from 
four to six ciuntdetc revolutions on one winding. 

Equipment.—Each engine is supplied with carburetor, running mag- 
nrlos, hot-sp<»t mixture healer, proindler hub attachment parts, to<d kit, 
st.irling magneto, jiriiner pump. inagnict<» switch, nine exhaust flanges and 
gaskets, instruction book. an<l shipping Im)X. Other accessories which can 
be furnished include: Hand or electric starter: generator: fifteen Amp., 
bfteen v<dl. or 2$ Amp., fifteen volt; fuel pump: projidlcr hub: gun syn- 
vbnmizer ilrivcs: radi<i shiclding. 

A Splitdorf hand o])eratcd luioster magneto is provnlcd for starting and 
''hoidd be wired to the trailing brush connection (marked ’I!*’) on one of 
d c main niagnetifs. The base or frame of the hand magneto must be 
grnuiide<l or connectc<l to the engine crankcase in order to get the host re- 
^iilis, A magneto svv itch is supplied aud has a connection (or grounding the 
Parting magneto as well a.s the main magnetos. This must he connected 
• I'' a safeguard against accidental starling. Seven millimeter wire is used 
•or high tension connections. 

Inspection Facilities.—'riie cowling forward of the firewall should be 
'.nsily removable, and large inspection dinirs are desirable in each side of 
be cowling just forward of the firewall to give acce.ss to the magnetos, oil 
tr.iincr. etc. 

Controls.—The locatiim and movements of the throttle, mixture control, 
^i^d spark timing control, are shown on tbc installation drawing at Fig. 625. 

Exhaust Pipes.—The exhaust port flanges furni.slied with the engine are 
nUnded to be welded to 2^ inch O.D. steel tubing. 




Pi^ S22.^-Scctional Diagrams of **Wasp'’ Engine Parts Giving Key Numbers to Accompany Tabulation of Pits and Clearances in Text 
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Tachometer Drive.—Provision is made for two lacliiimeter drives, one 
on ench .ride of the engine. The connections are threaded to lake the stand¬ 
ard swivel head so that the shafts can he hmn^hl off in any desired direc¬ 
tum. The driving s|)tiicllcs n>tate c<mnter-chickwisc, Usikinj; at the engine, 
and nii> at one-half crankshaft sjKH'd. 

Starter.—The starter usnally used is the Kclij>He Machine Company's 
Model Ml,9.f2. The starting' crank is detachahle and re<|uires an outboard 
vuj)]K)rt i>T hearing ^^lKTe it pu'-ses through the cowling. The location of 
tins support is .show'ii on the installation drawing. A rigid rod to ]>iiU the 
'Iarter trigger should be carried to the c<>ck)>il. Tins has to he jnished to 
disengage the starter, if a start is not acconijdished. 
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Fig. 623.—The Pratt ft Whitney *'Wasp" Cranksbift Taken Apart to Show Parte 

Comprising the Assembly. 


Model 


• VVASr* SPKCIKK ATIONS 
. R_1340—B 


Rating (Military) 

Kaicd IWcr (tUiiHtl fuel). I'P* 

Rau-d SiKTil. 2l«lfiMn. 


Rating (Commercial) 

Juiel: (iradt* II. dtriiifsitc aviatum e.is uf ^p. gr. 
.W or less 

Kale<1 Power. 

kutcO S|»ced... 

General Form 

t'ylii^dvr arrangeinriU. 

Numlnr »f cylinders. 

Crnding . 

Bore. 


•KKl Up. 
IVnn r.p.m. 


Kfidiat 

4» 

Air 
.S 75- 
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Stroke . S.7S' 

I’isfon displacement. 1344 cu. in. 

Compression tMu* . SJ5 : 1 

Overall Dimensions 

Oinside diamcttT . 

Mitimtmu liolt circle diameter. 23tfi* 

Total IwKth, ... . 43H* 

Length lock r»f mouniins. 141^* 

UiKiance fnim nn Hint mu i\ I. oi prii|>rllc*r. 23 ik* 

Crankcase 

Muirrial. . Aluminum 

No. of sri . $ 


Crankshaft 

Type. 

Mam Tlearniff- . 

Thrust lleHring . 

Master Rod 

T>|iv. 

I'orin uf shank. 


Smisle throw, two piece 
Ihill <ir kolirr 
liall T.v|»c 

< J>K’ IMiVC 

I seciuiii 


Link Rods 
Form 


section 


Cylinders 

Barrel. 

Head . 

Ciwlmff fins. 

Valves 

Nnniller per cylimhr. 

M.ncnal, inlet . 

MalcfUil. exhaust ... 

I.ift, inlet . ... 

Lift, exhaust. 

Thanicicr miet p«»rt .. . 
Diamoier eshauvl tKut. 

Valve Timing 

Inlet o(H*ns . 

Inlet closes ... 

Exhaust op<*iis. 

Kxhanst cltisr^. 


Steel 

.Vliinnniini 

liileitra) 


2 

TmiRsteii or Silclirome 

<*NS 

A- 

A" 

2ir 

24r 


2o* early 
7ir Uie 
71" early 

31• late 


Valve Springs 

NumlHT per valve. 2 

rorm . Helical 


Oil Pump 

Type . 

NiimUcr of .sections. 

fill pressure. 

Magnetos 

Make . . 

Nuniher . . 

Type. 

Tinitiiff (full ad>‘ancc(h. 

Directum of rotatnm. 


Cicar 

2 

75-100 lbs. 


SdiHilla 

2 

AG 9-D 
30^ 

riuckwise 
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Sparkplugs 

Type . 

Thread. 

Tachometer Drive 

Tyjw . 

Numher , . . 

. . 

Speed . .,- 

Supercharger 

Make. 

Type. 

Carburetor 

Make. 

Type . . 


K G. Midget No. 4 
18 m/m 

S Stanebrd 

2 

('oil II (c r* c lock wi «e 
eraiiksliaft 

(icii. Kleetric 
i Vi It n( 11 gal 


Stritiii1*erg 

NA.Y7A 


Carburetor Setting 

'I'he test log '»hert shiiHicd wnli r.iek nigioc gives details of jet and elif>ke sir.ff for 
llie itidividual engine. 


Standard Equipment and Weight 

Weight of Wasp, tvilli niagnelos ainl e.irlnifetor. 

Inn no e\iras. 

The followuig ariTssonrs ,ire s1ii|i|h*i| with rnch 
eUKii^^* Iwinghts not iiHdinlrd in aUnv) 

Starling magnclo llhxie IIK>) . 

l^rimcr . . 

Magiieio swiieh. 

fliMler -, ... - ... 

Timl Kii . 

Additional Equipment 

The {ollc»wing aecessorirs e*iri l>e sut>(dieit: 

Fuel pinnp tC-.^ tyi*e). 

flaiid vturter crlipsc iyi»e nudndnig er^nk 

Propeller huh for imial hiades . 

(inn ( onirol Drive, as .s]iecified. 


ri70 his. 


K.t Ihs. 
.5 I ha. 

lbs. 

HID ll>6. 

11 V ]|)S. 


27 Ih*. 
24 I Ilia 
ir »2 Ihs. 


Shipping Data.—Overall size of )>nx. 56 inrhes hy 56 inche.s hy 50 inches. 
Weight, hoNed, 1,175 pounds approximate. The. tiictho<l of jiolting the cn- 
I'ltie to a earner and afteruard^ securing that metnher in one half of the 
packing case is clearly slioun at Fig. fi27. The packing ca.se is made in 
two halves, held logetluT hy .snhstantial mm hands. The method of remov- 
•lig the engine from the ^tacking case after the (op half has hcen removed 
IS clearly shown in the illustralion the st>eciul sling attaching tu lifting 
hooks provided for the piirjKisc. 

Wasp Engine Operation.—For sati.sfactory operation it is essential that 
the engine l>e projierly installed. In general, this is covcrc<l in the chapter 
headed “Installation*’ which givc.s the instructiims ftir a numher of engines. 

in general conslruclioii. A typical WaJ^p installation in a Vonght 
t orsair fviscluge is shown at Fig. 62K. Aside ffiim the proper installation, 
d IS of the utmost importance to have the proper propeller setting, as well 
•IS the correct fuel an<l lubricating oil. 

Propeller.-^The profiellcr must he set so that it will hold the engine to 
•ts rated speed at full throttle in level flight near the ground. It has been 
found in some cases that o|>erat(irs accustomed to slower speed engines 
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have set tlieir propellers in such a way as to restrict the maximum r.p.m. 
of the engine to cnii.sitlcrahly less than the rated speed. This is very detri¬ 
mental and is cxlrejuely likely to canvc tronhic from detouathm. etc., since 
the carhiirctf»r setting and valve ignition timing have all been adjnstc<l for 
the rated speed. It is e<|ually dangerous to set the pr(»peller to Him more 
than the rated sj^eed in level flight, and we cannot be res|>(nisiblc for engines 
operating under these conditions. 



Fig, €24.—View Showing *'Waep"* Cam and Serrated Cam Driving Discs Separated to 

Permit Accurate Cam Timing. 

Fuel.-“Thc best grades of fuel sbmild always be used. The dilTcrciicc 
in expense belwceu good and bad fuel fc»r the operation of the "\Vasp’‘ or 
^‘Hornet’’ engine is a very small percent of the UUal cost of operating the 
airplane. It will be foinicl that tlie dilTerence in cost will be more than 
made up by freedom fnnn tronhie. increasetl power ami lower consumption. 
The commercial “Wasj)*’ and “Hornet** engines are designed to operate 
on Grade “B” doine.stic aviation gasoline or its equivalent. Unforlunatoly. 
no satisfactfiry means has heeii cle\ised to determine the aiili-kiiork value 
of fuel. This, rather than niiylliing cKr, is the deleriuiiiing factor. In 
general, gasoline made fnnn West C o.ast crude is the he^l. as it detonates 
Ics.s than East Coast or Mid (*iHUinen 1 fuel. Ihider no cunditums shouM 
the engine he ojierated <»n ontinary automobile gas<»linc al full tlivtdtle. 
an emergency measure it is iiossildc to fly a lightly loadetl ship at part 
throttle on automohile gasoline. It will be found entirely butisfactory to 
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use fillccn Ui Iweuly ^icr ccul of benzol willi any Grrnlft **R** fuel which 
otherwise wcmUl detonate. Commercial 90 per cent benzol is all right for 
this purpose if free from acid, and it should conform to U. S. Army Speci- 
rication 2-58. The use of tetraethyl lead is not recommended on account of 
Us effect iui the valves and sparkplugs. If this is used, not more than 
[our cubic centimeters nf ethyl fluid should he used per gallon of gas. It 
is important to mix the material thoroughly, and it is best to stir the ethyl 
lluid into five gallons of gasoline and then i>our this mixture into the fuel 
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tank which has already been partly filled. Considerable damage can be 
done if the fuel is not proj>erly mixed. 

In ifciuTal, a Incl slumbl meet the following specificutlons: BauTne grav¬ 
ity not heavier than 72 dejjrees. Fifty i*er cent should distill oA* at not over 
221 degrees Fahrenheit, and the end point should not be over 374 degrees 
Fahrenheit. A rough and ready mclh<Hl for arriving at the relative value 
of dilTercnt fuels for aircraft ii>e is lo compare the temperatures at which 
SO per cent dislills r>ff. 1*hc b»\ver the temperature the l>etter the fuel, an<l 
these figures will give some indication of the anti-knock projierties of the 
various samples. The use of low grade gas will cause uneven distribution 
and overheating. Damage to the engine is sure to ensue. Furthermore, 
the fuel consum])tion in gallons jicr hour is likely lo be considerably less 



W 


Pig, 626.*-Rear Elevation, Pratt & Whitne 7 *'Wakp*' Engine Showing Starter and 

Hot Spot Heater. 

with the higher grade fuel. For the opcralkm of engines on the military 
rating, cither Grade "A** domestic aviation gasoline should be used, or 
Grade *‘B" with tiftecn per cent benzol, and in %an emergency Grade 
with four cubic centimeters of ethyl fluid per gallon. 

Care should he taken to .«ee that the fuel has no water or foreign matter 
in it, which can be accomplished by straining it through chamois. Pre¬ 
cautions of this kind often eliminate forced landings. The makers will be 
glad to advise all engine users on the matter of the proper fuel. In writing 
for information they should he furnished with a distillation curve of the 
proposed fuel and a statement as to the source of the crude from which it 
is refined. 
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Lubricating Oil.—It will he found that the very best lubricating oil will 
be much the cheapest in the long run. It is essential that oil of the proper 
vi.scosity be used, that it he free from acid, have a low cold test, and leave 
tlic niinimuin ninotint of carlnm in the coinhuslion'Chamher. Improper 
<jil is likely to result in low oil pressure, high oil tein|K*rature. the formation 
of consi<terahle carbon and excessive oil consumplion. If the engine is 
Mj>erated umler extreme condilinn.s <»f temp era in re, two gratles of c»il will be 
necessary. The grades rcqciired will <lcpen<l a great deal on the make of 
the oils. The engine iutildcrs will he glad to advise users in regard to this. 
l‘\ir ordinary coinlilioiis willi air tviiiperntnres of 40 flegrccs to 90 degrees 
j ahrenheit, the billowing .specifications have been found suitable: 

riash Pdinl bipen ctip) .F. min. 

Hurnine r»mit . $ 20 " F. mm. 

Visciinity <S?iyhi.lt) .lt>5 IIS at 210* K. 

(corrrspfMuK to S.A K VisctKiiy Nu (K>) 

Specific (jMvily .886 

Cold Test .40* K. (lower if |kissiIi1c) 

For cold weather, below 40 degrees Fahrenheit it may be found advis¬ 
able to use ail oil one gnitle lighter than the aht>vc. having a vi.^cosity of 
^>0'1(K). i'iowevcT, ccrlani oils arc now on the market which combine the 
desirable <itialilies of high visco.sity and low cold test. For extremely hot 
weather, t>vcr 90 degrees Fahrenheit, a heavier oil is usually necessary, 
('licmicnl tests should be matic from time to time to make sure the fuel and 
m] cemtinne to meet the specifications. Great care should be u.sed in hand¬ 
lings tlic lubricating oh to prevent dirt being collected in it, ns this will act 
Us a griinling coinponixl in the engine. "I'he oil storag^e should he kept cov¬ 
ered at all titucs, and the oil measures and funnels cleaned before each 
using. It has been found good practice to change the oil every fifteen or 
twenty flying hours. When filling the oil tank after it has been drained, 
turn the prujieller (iver liy hand or with the starter several complete turns, 
in <jr<ler tliat llic oil pij>ing and puinj* will he Ihoroug^hly primed. 

Proper Operating Conditions.^—)To|)elUT speed, full throttle on the 
ground, usually 150 to 2(X) revolutions les.s lhaii level flight, depending on 
pr(»jieller (lesign. Pnipeller .speed, level flight—the same as the rated speed 
of the engine within 50 revolutions, plus or minus. Desired oil outlet tem¬ 
perature, (i) degrees ('entigrade or 140 degrees Fahrenheit. Maximum oil 
mitlet tenijieralnre, 75 degrce.s C’enligraile or 170 <lcgrees Fahrenheit, De¬ 
sired oil pressure—75 to 90 ptmnds. Minimum oil pressure, (30 pounds. 
U^'or all sjiceds above 1.200 r.p.m.) Oil Consumption, cruising at 1,700 
r.p.m., between one and two quarts per hour. De.siretl (minimum) fuel 
jiressurc, two t)ouu<ls. Maximum fuel pressure—(<iur tumnds. 

Starting.—Retard the spark onc-lhird, set the mixture ccnitrol full rich, 
crack the throttle slightly open, about one-half inch on the quadrant, and 
turn the ignition switch to the **On‘* position. Make .sure the fuel supply 
IS turned on and pressure pumped up with the hand pump to at least three 
l>ounds. Close the adjustable nose shutter as shown at Fig. <>28, insert the 
starting crank and wind uj* the starter. There is Hlile danger of cranking 
the starter too fast. Enough energy should be stored up to crank the engine 
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at least two or three complete rcv<iluU<ms. This takes about a minute and 
the starter s])ee*l necessary will lie learned after one or two trials. ’When 
Slone eohl, jirliiie the engine with three or four cotnjilelc strokes 
of the t»riiuiii;; pump. I'ull the primer plunder back slowly to <»btam a full 
chari'c uiul ])n'^h it back in rujiidly to aloiiu/.c the fuel, fto sure anrl shut 
off primer valve as eiij^ine may <ither\\ise be flonded. When the starter 
has been wound u]>. quickly \>M7.z the hand ma^nclo and i>ull the starter 
trlf^^l,aT. ir every tiling' is in ^'ood condition, the engine should start iminedi- 
ately even in cold weather. As soon us the entwine start.s, a<lvaiu'C the spaik. 



Fig. 627.—Showing Method of Removing Fratt ft Whitney “Wesp” Engine from 
Packing Case. Note Plate to Which Engine is Bolted for Shipment. 

When the enj^inc is Avarni, two or three strokes of the primer will bo 
cnonj*:h. If the en^nne docs not start iiume<liatcly, do not keep primiu^j but 
find out what is wrouj;. lCxcessi\e priininjf w'aslu's the oil from the cylin¬ 
der walls and is very likely to cause scorini^ of the pistons an<l cylinders. 
The primer fuel stijiply should be shut off as schui as the engine starts. 

If the engine fails to start, check lf> .see whether the switch is cm, the 
throttle i.s just cracked open, the mixture control is set full rich and that 
there is actually fuel at the carhurelor and at the primer: also that the 
starting magneto gives a good spark at the rtinuiiig magneto, If the starter 
runs down before the engine starts, the starter jaw will be left in engage¬ 
ment. Before the starter can be rewound, it is necessary to <li^eugage the 
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jaw, either hy pushin^^ in the starter trigger or by turning the prnpeUer 
forward a sliurt distance. 

Idling Adjustment.—On a new installation there arc two adjustments 
to he made to obtain proper idling. Mixture regulaticm for idling is oh- 
taine<l l)y ntoving tlic two .small lever on the front side of the carburetor. 
These arc moved ti»ward each other to richen and farther apart to lean the 
iiuxtnrc. The a<ljustnie]it slnnihl be nia<le when the engine is warm and 
slunilfl be as rich as t«)ssible and still have g<K>d operation while warm, 
To :i<ljust the idling speed, the .set screw in the thnutlc lever is turned. 
Slower idling may be permitted with a heavy propeller than with a light 
i<ne. i>o not slow the engine down so much that it is in danger of stalling. 

Hard Starting.—An engine in gcxMl condition should sinrt pnnnptly re- 
‘^jinlle'is <if ilie air temperature. pr<»viding the above instructions arc care- 
[iiU> followe<l. Hard starting is often found to be caused by leah) ]>riiner 
line*' or primer pump packing. All primer conned ions shmild be kojil tight 
,nid (lie pump packing projUTly adjusted. In some installations it is neces¬ 
sary t<i ojierate the wobble or haml fuel pump while priiumg, as (dherwise 
ihc )»nmer may not recei\c any fuel. Another (ref|iicut cause of hanl start¬ 
ing is lha! a strong sfiark does not reach the running magnetos frfim the 
starting magneto. This can be rea<lily checked by removing the high ten¬ 
sion lead fnnii the hanr] starting magneto ami trying it on the engine, and 
at (lie same time turning the starling magneto crak. The spark should 
iuini* from inch to inch without difficulty. H it docs not, it is likely 
that tl)f insulation on the high tension wire has been damage<l. or that 
a jjrfijier gTimnd ha.s not been provided between the hand starting magneto 
and the engine. 

Ground Test.— After starting, run the engine slowly, in ortlcr to warm it 
up grndually, until the oil temperature has reached 100 degrees I'ahrenhcil 
nr 10 degree.s (Vnligrade. After the oil has been warmed up, the engine 
‘•lunild he gradually lironglit up to full throttle. Before doing this, be sure 
(he wheels arc properly blocked ami the stick lutllcd hack. With the throt- 
Oc wide o]»en. try Imth magnetos with the switch, observe wbether the fuel 
)irc>sure is between three and four |>onnds and the oil pressure from 75 
lo I0() poumls. also the pro|>e1ler speed. For ships c(|uipi)cd with propel¬ 
lers iiermining a level flight proiieller s|»ced of the ground .speed of 

(he propeller will be between 1.500 and l/)50 r.p.m. depending upon the 
‘/pe of tlic propeller used. Do not ojjcrate the engine at full throttle on 
(he ground for more than a moment or tw'o. Continued running under these 
coiirliiions i.s unnecessary, and will result sometimes in datn aging the en- 
gnic. In some installations the clteclivc part of the proj>ellcr blades is so 
bir removed fn>ni the crankshaft that iusuflicient cooling is provided for 
(he engine while the plane is at rest, altlumgh the installation may be per¬ 
fectly .satisfactciry while In the air. Open the no.se cowling shutters before 
laking-olT. 

Rough Running.—The iiMial cause for rough running, jiroviding the 
Ignition is funclioniug correctly and the carhureUir is prc'pcrly a<ljuste<l. 
(' ail unbalanced <»r lliittering pnipellcr. The *‘\N'asp* engine is carefully 
halancetl at the factory ami .shouhl run very smiKdhly. If it docs not, the 
i>rc»pe]ler should be Inspected. First, It ^ nictal proticllcr, the angle of 
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the blades at the same station should he carefully checked on a surface 
plate with a protractor. Next, it sIkhiIcI he balanced on a mandrel and 
tracked. After this inspection, the blades should he ob.scrved for flutter 
while runninjf at full si>eed on the ground. This condition may not exist 
at low engine speeds, bul becomes pronounced at full throttle. The sub* 
stilution of a jjropeller from another ship winch is known to run smoothly 
will sometimes be found a convenient chock of this situation. 

Oil Pressure.—Oil j^rcssurc shouhl register lmme<liately after starting. 
If there is no indication on the oil jpressure gMiige after 30 seconds, stop, 
check lip the oil bupjily. ancl opeciully the <»tl suction jiipc connections. A 
verv small leak in the oil suelion line will jinwent the oil putnji fmm work¬ 
ing properly. Do not continue running the engine unless oil ])rcssure is 
obtained. The normal operating pressure is 7.^ pouml.s at 1.8(X) to 1,9(X) 
r.p.m. and at least 25 pounds idling. 
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Fig. 628.—Front of Vought "Corsair* Airplane Fuselage Showing Pratt & Whitney 
"Wasp" Engine Installed. Note Cowling with Variable Opening Shutter in Front of 

Engine. 


I..OW oil pressure is usually due to an air leak in the line from the tnl 
tank to the pressure pump. For this reason the connections .should he 
carefully checked, lie sure that an adc<iuate amount of hose, at least an 
inch, overlajis both the pipe and the connection on the engine, in order to 
have sufficient area for the hose clamp. No adju.stnient is jirovided for the 
oil pressure, as low pressure indicates trouble in the lubricating system 
which cannot be correcte<l by a new adjustment of the relief valve. If the 
connections arc light and the proper kind of oil used and still the pressure 
is low. it may be due to a Iwisc cam bearing or a loose master rod bearing. 
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Thfse two possibilities arc very unlikely, and should be investig'atcd only 
after all other possible causes have been cntisulered. Excessive oil con- 
siiinpiion atitl bnilinj; of Hparkjdngfs may l>e due to an air leak in the pipe 
which takes oil from the sump to the suction pump ou the engine. This 
will prevent pr<»f>cr scavenging of the crankcase. Sec if the flange<l joints 
have good gaskets and are boltcxl tip tight. 

Oil Leaks.— Particular care has been taken in the design and mauufac* 
lure cif the **Wasp’* engine to insure its being oil light. Leakage is an in- 
d^catifui of tr<nildc an<l conse<jitcnlly .should lu* investigated. For (Ins rea¬ 
son it is .slrongly rccoinnienclcil lhat the engine be kei»t clean, so tliut any 
oil leakage tnu> be noticed anil readily traceil In its source. 

The luixtiire ctnilrol sboultl be kepi :il ‘*b'ull Rich*' for all dying bch>w 
feet, especially when knnbng. 'Pile inixlure control sliouhl l>e used 
above 5.<XX> f(H*i. lieing careful to adjust it so that the inaxinnnn r])in. is 
nbtaiued. 'I'his can best \>r done by tlying level with the throttle in the 
fixed iH>siliou» and jibserving ibe lacboineter. 


Treatment of New Engine.—Careful treatment of a new engine pro¬ 
longs Its life, and is jiisi :l^ necessary as proju'r driving iif a new aulimiohilc. 
I’.ach eng'inc is run apfu'iixinrately hfteeu hours at the factory before it 
'>liij>ped. an<l it is thought that a total of at least 25 hours careful running 
K desirable. During' the first ten or fifteen lumrs of i>iwratioii iu the plane 
It is well to warm u\i the engine gradiuilly after eacli start, and to stop 
gradually also, rather than shut olT suddenly from full speed. During thi:» 
|ieno(| the engine should iit»i l>c run wide cjjften nuy more than absolutely 
lU'ce.ssary and stublen acceleration slunibl be avindcd. The same jirccau- 
iions a])|)ly to .some c.xtent at any time during the life of the engine. 


A-s a further aid in running a new engine, it i.s rccomniemlcd that a pint 
• d oil be added to each ten g;dlons tif gasoline f<»r the first ten In airs uf 
Operation. These measures, together with c%areful attention to maiulainitig 
ilic jiroper pressure ami frcHjiiont change of oil, will result in polishing 
all moving parts so that long and trouble free service will ?)C rendered. 
The first ten hours in service are the most important in an engine's life. 
'Die ‘’Wasp” engine slunibl render tlepemlalde service for long periods uf 
lime w'ithoiit disassembly, pro v it I nig the engine is kept clean, pru|ierly adjusted 
and operated as recoinmcmled. It is highly desirable nut to disassemble the 
'••igine any oftener than is absolutely necessary. Keniember lhat most 
iruubles can be overcome by external .adjustment. Do not give the engine 
a Complete overhaul if a *‘tt>p” overhaul is all that is needed. 


To Get the Best Economy.—When cruising at an engine speed of 1,700 
t p.m. or less, it is feasible to bum quite a lean mixture and thus effect a 
saving in fud. The mixture which gives the best economy at any given 
throttle setting ks somewhat leaner than the mixture which gives the best 
power. With a propeller which allows the engine to turn l.^X) r.p.ui. at 
full throttle, there is a difference at cruising speeds oi about 40 r.p.m. be¬ 
tween “best power” and “best economy” for any particular throttle open¬ 
ing. This gives one a ready means of setting the controls to obtain the 
least possible fuel consumption for any desired speed. 

If it is desired to cruise at 1.650 r.p.m., for instance, adjust the throttle 
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to obtain 1,690 r.p.m. with the mixture control set for the best power or 
highest rcvoluti<ms; then lean the mixture down until the speed drops 40 
revolutions, or to 1,650. leaving the throttle set as before. 

Caution: When flying at full throttle, do not attempt to lean the mixture 
any more than enough to compensate for altitude. Overheating will result 
from too lean a mixture at full throttle. At speeds between 1,850 and 1.700 
r.p.m. it is all right to run somewhat leaner; the mixture control lever may 
be set just on the lean side of the position for best revolutions. At 1,700 
or below, it is generally possible to adjust for the best economy, always 
remembering to richen up the mixture before doing any maneuvering. Cun* 
should be taken whenever descending a lower altitude to readjust tlu* 
mixture control. In general upon ascending the mixture sbrmld be leaned 
out while it ninst be ricbened as ilie plane de.scends. In gliding in for a 
lan<iing put the mixture c<»ntrol in the full rich po.siiion. 

Cold Weather Operation.—Special ecjiiipinent and operating methods 
are necessary for satisfactory cold weather operation. Adjust aide nove 
cowling and the h(d spot mixture heater are necessary. The oil tank should 
be inside the covvdlng, and in cohl weather pn»lected from tlie shi^^treani 
In severe climates the oil sump which hangs between the two hotloin cyl¬ 
inders of the engine should be lagged with insulating material or shielded. 
The tank anti sump innsl both have large drains, acce.ssihly located, Some 
of the early ‘*\Vasj)s** were not tirovided w^iih sumj» drams, ami f‘>r these 
the makers can sujiply a sump outlet pipe w ith a drain t>liig. All oil shoultl 
be drained from hotli the tank and suiiit> inunccliaiely before the next flight. 
A lighter engine oil shtiultl he used than for w arm weather. 

To insure correct readings on the engine oil pressure gauge, it is well 
to disconnect the gauge pipe at both ends and blow it out clenii, and then 
All it wdth castor oil and rc-assemble it. The castor oil will not congeal, and 
a pressure rea<ling will be obtained as soon as the engine pum]> begins to 
function. The engine is fitted with jirimcr no/zlcs on cylimlers 1. 2, and 9, 
and these must be connected to the primer pumt> funii'ilied. It may be 
desirable to feed the primer pump fr<nn a small separate tank which can 
be filled w'ith a SO-SO mixture of ether ami high-test gas. 

Starting.—Check over the engine while still in the hangar, Prejiare for 
starting as instructed above, being sure to shut the acljn<lahle nose 
cowling, and have the full heat supply turned on to the mixture heater over 
the carburetor. Fill the tank with hot oil ami pull the prop over two or 
three tiincs by hand. Then roll the ship outsi<le and wind up the starter 
to the maximum speed. Experience will tell how much priming is neces¬ 
sary, pos.sibly five or six strokes. After starting idle at ahcnit 800 r.p.m. 
until the oil temperature reaches 30 degrees Centigrade or 85 degrees 
Fahrenheit, Watch the oil pressure and slop immediately if it is not al 
least 30 pounds. Warm up gradually, opening the thn^ttle as the oil tem¬ 
perature comes up. When the oil temperature reaches 50 degrees Centi¬ 
grade, or 120 degrees Fahrenheit and the oil pressure is steady al 75 poun<ls, 
the engine is ready for flight. When In flight adjust the no.se cowling to 
maintain the oil temperature between 50 and 65 degrees Centigrade or 120 
to 150 degrees Fahrenheit. Unless the plane is kept in a hangar at a tem¬ 
perature of 50 degrees Fahrenheit or more, drain the oil from the tank and 
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siirnp after each fliphl. 

Periodic Inspection.—After every ten hours flying the engine should be 
given an external inspection for loose nuts and oil connections, and oil 
leaks. The carburetor filter and engine oil filter should be cleaned. The 
>j)arkp]iig insulation should be wipe<l oH* as dirt or soot on the outside 
of the plugs can cause short circuiting. 

After every 25 hours of flying the valve rocker axles should he lubricated 
with heavy cylinder oil (not grease) hy means of the Alcmitc gun. This 
applies also to the valve adjusting screws, which are reached hy removing 
ihc rocker covers. Caution: Do not push the valve oE its seat with the 
grease gun as the push rod ball end may come out of its socket. Note: Do 
not force the adjusting screw ball out of its socket by forcing in too much 
oil. The tipper ends of the jmsh rods are automatically oiled from the valve 
rt»cker axle nip(des, In order lo insure proper liihricaliun of the push rod 
which rest in the lappets or cam folh'wers. it is well to remove the 
push nxls ami di]i them in grease such as “XO-ox-id K” and rc-assciuble in 
I'xactly ihc same ]>o<<itir»iis as before. Do not use anything hut a high grade 
iioiilluitl od bir the above parts; ordinary yellow nr Albany grease 
ciinlaiijs or other fillers, and is m»t suitable. The only other parts of 
the engine n<d auioiuaticnlly lubricated arc the two magnetos. These 
should he lubricated u ith a good grade of medium bodied machine oil every 
25 hours of (lying. Put about 40 drops in the front oiler and ten drops in 
the rear one. 

The magneto breaker jioinls should he set with an opening of .012 inch. 
The luniils must he kcj>t clean ami free fr<nu oil. Keep the breaker housing 
clean an<l free of excess oil. The felt wick should l>c kept saturated with 
oil at all linios. Oil the carburetor throttle shaft hearings. 

The proper valve clcanince when cold is .010 inch for both the inlet and 
exhaust. 'J'lus is tneasnred between the valve stem and the half ball w’hich 
pushes the valve open. It i.s necessary to lift up the rocker arm against 
ilic pressure of a light sjiring before the clearance gauge can he inserted. 
In checking valve clearances the engine should be turned well past the 
)»oinl where the valve closc.s; otherwise a false indication of clearance may 
be had. A box wrench f<»r the valve adjustment lock nut and a valve clear¬ 
ance gauge are found In the tiH>l kit furnished with each engine, as well as 
a tool for turning the adju.sting screw. Do not try to check the valve lim¬ 
ing with the running clearance of .010 inch. A .special adjustment of the 
^ alvc clearance must he made before the engine can be timed. (.See instruc- 
tion.s under “Timing the JCngine.“) While the covers arc off for the pur- 
)iosc of checking clearance it is well to liMik at the valve springs to make 
Mire none arc broken. A valve spring can be replaced without removing 
Its rocker arm. Depressing the valve with the tool provided allows one to 
lake off the push rod enclosure and push ro<l. The rocker arm can then be 
iiplwd ui> out of the way so there is nnuu to take out the valve spring. 

Storage.—the engine is to he taken out of service and jnit in stor- 
all dirty oil shoiihl he drained tnit. About one pint of clean engine oU 
lu)uld he put in each cylinder and the crankshaft turned around several 
'evolutions to make sure that the cylinder walls are well covered. Spark* 
plug holes should be closed either with plugs or corks, and the exterior of 
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the en^Mnc cleaned. Oil the valve rockers, the carburetor throttle shaft and 
the ma^eto. an<l also oil all exicrnal bright metal parts. If tetraethyl lead 
has Keen ti<ed in the fuel, work oil into all valve stem guides and grease the 
valve springs thoroughly to pres-ent rusting. 

Top Overhaul.—A lop nverhatil .should not ordinarily he necessary un¬ 
til it is time fur a coniplclc overhauling of the engine. Before commencing 
such w'ork the engine shrmld be checked «see that such an overhaul is 
really re<|uirc<!, The usual indication that an engine needs adjustment or 
possibly a top ovorliaul is the reduction in engine speed on the ground with 
full throttle. It shtndd be l>ornc in mind, in this connection, that extremes 
in tcm])craturc or baronictcr <luc either In atmo.'^fjheric condition or altitude 
will afTccl the projicDcr s]>ec(I .sometimes as much as 50 to 100 r.p.m. and 
must he alhnvcd f<jr. 

First check the mixture control to make sure that the lever on the car- 
hurcUif is ill the full rich i«»sllmn wlieu the control lever in the cockpit 
is in the c<»rrc-*'poiiding location. Next, check the spark advance at the 
magnetos in the same manner. At the same lime check the magneto break¬ 
ers with the feeler gauge furnished for this j>nrp<»sc. The gap .should be 
.012 inch. The jioiui.s should be .sm<H»th and free from oil. ('lean the strain¬ 
ers ill the fuel Mijijily line, and be sure that fuel readies the carburetor in 
ade<)uale quanlilic.s. The best way to detenu in c this is to di.sc(mncct the 
pipe at the carburetor, ami ojien the fuel valves, observing whether the 
pipe runs full of fuel or mil. The valve and magneto timing sh<iuld be 
checked in accordanre with the instructions contniued in the section on 
**Comj)lctc Overhauling.** While lids is being done, e.xamiue the valve 
springs for breakage. 

After the above checking has been ilone, and adjustments made, if neces¬ 
sary, start the engine ami warm it uji at bn> s|»ced 1800 to 1,000 rp.m.) 
until the temperature of the entering ml i.< at least 1(X) degrees Fahrenheit 
or 40 degree.s Cenligra<le. Next, try the ciignic at full throttle u ilh the 
mixture Cinilrol set full rich, and the spark full advanced. Ob.scrve the 
revolutions per minute, oil jirc.^Mirc. wdiicli should be between 7.5 and 100, 
and fuel pres.sure, which should be between three and four pounds. Next, 
check the operuUon of the ignition by running first on <nic magneto and 
then on the other. If the ignitum is found satisfaclory and fuel pressure 
is three or four poumis, and tlic engine still does not (urn up lu the retjuired 
ground speed, it is probable that a lop overhaul is necessary. One other 
check, however, is suggested: after the engine has been sloiijied by running 
the fuel nut; aud alluwe<l to cool cUnvii for hve minutes, the coinpre.ssion 
should he tried in the various cylinders. It will be necessary to turn the 
engine over two complete revolutions in order to lest the ctmipre.ssion in 
all nine cylinders. If this is found to be giHid, it i» ii<»l likely that a lop 
overhaul is needed ami there is jirobubly some other reason for the loss in 
revolutions. 

Disassembly.—Tools for making ordinary adjustments aud minor re¬ 
pairs arc found in the canvas tiH>l roll furnished with each engine. A lis^t 
of these follows and include.^ the following special tmdn: Valve Spring Com¬ 
pressor, Spanner for Inlet Pipe Nut, Cylinder Nut Wrench, Box Wrench 
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fur Valve A<ljustjncnt Lock Nut, Valve Clearance Gaujr®* When only a 
\ity o\erhaul is rc<jiured, It can he readily accotiijilished while the en^ne 
Ts installed in the ainilaiU' All tiHils are ^ivvn u s)>ecial ninnher in the list 
and arc referred lu in the text hv that innnlier. 
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Fir.sl place the airplane in u clean iToteetcd T^u<\ and dirt wear 

Mill more ciik'ines than :iii\ihiiij** else. 'J'hen rennne llic cowlintf suvroniuL 
Tiik' the entrine. Xesl. the ent;lne shoiihl he Ihoroutjhiy washed ofT with 
trasulinc hefore attenijilintr any cliMisxcnddy wi»rk. W'lih the eiitiine thu.s 
I»re)»are4] and S4»nie lins or prnxided for the jiarls to he removed, the 

I V liiider liats slunihl he taken <»lT. *rhe push nvd enclosures arc rcnuivcd 
hy telescopint* the tubes and Inckintr them hy means of a slight twist, after 
winch the valve spring's shouhl he cnnipri’ssed hy means f>f the tool jiro* 
vi<led in the Unt\ kit as shown at 1''!^. t»2*> A. This will perinit the removal 
' f the pnsh tikU and enclosures, lu this o|>eration care should he taken 
dial the valves are cIommI hidore Irvintr to couipres.s the spri!i^*‘s. Althouj^h 
die i>usli rods are iuarke<l at the tat»|>et cinl to corresptjnd with the cyliuder 
lumihers. it is host to lav them imt in the order in which ihev arc removed 
iioiii I he onj>ine. 11 is liijihly <lesirahle that they he replaced in the e.xact 
nosition from u hich they came, as the hall ends have heen worn to a iierfcct 
‘'Cal. 

With the juish rods removed, the next oj»eration is to take oH* the inlet 
i^ipcs. In <U)in^ this the spanner wrench provided should he used for loos- 
• milk'* the packing at the hottom of each pipe before reimivinj; it. The pack- 
I a fr lull slumhl md he entirely unscrewed. Care should he lakin in hand- 
these intake pipes as they arc huh I wall inhin^ ami vcatlily <!ented. 
l ake 4»fT the oil sump which is hetween the two hotUnii cylnnlers. There 
ire two oil pijics which c<ninect to the top of this ca.stino. T‘hc rear one 
tays in the eu^dne and the fnmt one comes olT with the sump. It is ncces- 
ary to carefully pull the sumj) straight down in order to keep front bending 
^lese twu pities. 

No. 1 cylinder .should always he removed last and inslalle<l first, This 
'Under pusitlons the master rod. A siwcial wrench will he found in the 
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tool kit to remove tlie cylinder stud nuts, after whicli the cylinder can be 
rca<lily reiiu»ve<l. lu doiuK this, hmvfver, care shoubi he taken not to allow 
the jMsInn til drn|> ami lliert’liy hecnnie nicked. Care slunild also he taken 
not to nnir tin* l>niioin> of tin* cNliudcr harrrls. 'riicsc .sluniUI he carefullv 
set dcnvii cm nocKl in iircliTimt lo tlistorl or burr the end of the barrel. Each 
piston must he l>r<in^hl up t«» the t<»p of its stroke before its cylinder is re¬ 
moved. If this is not done, the scraper rin|' is likely to he broken in attenijit' 
ini' to itt*! it out of the crankcase. 

As .Slum as any one cylimler has been taken off, the piston should be 
removed by pnshini; out the wrisljiiii. H this cannot !»e reruhly done, the 
he:t<l i»r top of the pislcni should be sliithtly heated by means of a blow 
torch, an cl the pin tapiied out by iisini' a fiber drift shapecl to lit ilio wn.s;- 
jiin plu|t. Care must he taken not ti» drive these tniis with any considerable* 
force. 'I'he application of iiuire heat will expand the ]>islon suHicienlly iu 
enable the pins to he removed with ease. 



Pig. 629.»U8e of Valve Spring Compreaaor to Depress Rc>cker Arm for Removing 
and Replacing Push Rods Shown at A. B Shows How Compressor is Used to Re¬ 
move Valve Spring Collar. 

Inspection of Connecting Rods.—With the cylinders removed, an in¬ 
spection should he made of the inasicr connect ini; rod and link rods. H> 
moving each one, both up and down and sideways on the crankpiii. a remgh 
check can be made of the clearances. H these parts arc in gcKid condition, 
very little play will found iu the master rod. except sideways on the pin 
The link rods, however, will feel somewhat loose, as they have normally 
.002 inch clearance on the diameter of the pin* and .006 inch to .008 Inch 
sideways. It is advisable to try the wristpins in their respective rods. U 
should not be possible to in.'^ert more than a .002 inch feeler between the 
pin and the bushing. If more than .00.1 inch clearance is found, it is desir¬ 
able to replace the hushing. Unless the engine is particnlurly dirty, it i- 
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lint advisable to wash the rods and shafts with j^asolinc, as it is rather dif- 
(icult to re-oil them satisfaclorily. Conset(uently, after the inspection, a 
larpe clean piece of cloth or j»afnT shonid he tied around the entire crank- 
i*ase while the cylinders arc hein^; overhauled to make sure no foreign mat- 
ler will fin<l its way iiito the crankcase. 

Removing Valves.—To facilitate the handling of the valves, a block of 
wood should he secured between five inches and 5^4 inches in diameter 
:ind eleven inches long» and r^ninded at the u]i|kt einl \o fit the cylinder 
<lonic. Care should he taken that this wood is kept clean, ns chips or dirt 
will rc.vHly mar the cylincler barrels, lly placing the cylinder <»ver this 
Mock, the valves will be hchl shut and it will be easy to remove the valve 
H}iniigs by Using the tool juovide<l, in the manner shown at h'ig, fi29 11. It 
not necessary nor <lcsirablc lo renu^vc the rocker anus to take out the 
\,ilse spring'*. As soon as the sjiririghas been depressed, the split cmic can 
Iw reuKised an<l the valve washers and valve springs taken <*nl. After this 
done, the bicknigwirc should be removed: this will be finiinl snapped into 
a groove near the outer end of ibc .slem. Next, be sure that there is no 
huiT on the valve stem, particularly at the edge of the lock wire groove. 
Ill ease tlicre is. it should be removed with a fine file bcfi>re attempting to 
loiiifivc the valve.s. 

An examination should be made of the valve stems and their clearance 
in the valve guides before any regrindtng is attempted. Care should be 
taken not to use etnery cloth on the valve stems unless absolutely necessary 
since it removes the glaze resulting from continue<l ojKration of the engine. 
The guide clearance can he chcckc<l by means of plug gauges furnished in 
the station bud cquii)Tncnt. If the clearance is excessive, the valve guide 
should be replaced. See the instructions contained in the section on ‘‘Com¬ 
plete Overliaul.'* 

Valve Grinding.—Before attempting to regnnd the valves, any excessive 
carbon should be removed from the cylinder heads, great care being taken 
not to mar the valve scats during the operation. The carbon should also 
be removed from the cylinder side of the valves. The valves should be 
carefully handled in order lo avoid scratching or burring the seats. Valve 
grinding tools are provided for holding the inlet and exhaust valves while 
grinding. The grinding com|)ound should he kept away from valve guides 
and cylinder bores and all traces of it should be washed away after the 
giinding operation is finished. 

As a rule, it should not he necessary to re-cut the valves or seats, lap¬ 
ping with grind compound being sufficient to put both the valves and seats 
n good condition. After the valve grinding has been completed, the parts 
should be very thoroughly cle<aned before re-a>scnibliug ami the valve stems 
•‘iled, as well as the rocker balls, tmsh rod balls and rocker arm bearings. 
• 'e sure to replace the safety .snap rings on all valve stems as soon as the 
alves have been put Into their guides. 

Ill replacing any valve springs which may be broken or rusted, use the 
ame type a.s those removed. On engines on which the lift of the inlet and 
vbaust valves is the same, the combined inner and miter valve springs 
hould re<|uire 140 i>ounds to compress them to a length of inch; on 
ugines on which the lift of the inlet valve is J.i inch greater than that of 
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the exhaust, the sfirinp pressure is 102 pounds at I he same length. 

Inspection of the Pistons.—The ]dston rin^fs should hear around their 
circumference, and preferably have no more than .025 inch end clearance 
when the ring is in the cylinder. Morco\er, they should he entirely free in 
the ring grooves. If it is ncce^sary to replace rings which do not meet 
these re<jnircmcnts. it is desirable to fuit the new rings in the lower grooves. 
In this way the old rings which fit the cylinders will provide proper pro¬ 
tection for the new rings until llicy are run in. For further instructions 
on fitting piston rings, see the socluni on “C cunplcle Overhaul." New oil 
rings should he used if the scraping surface is more than half the width of 
the ring. The wristjim slicnild he a ]>iish fu in the piston at room tem¬ 
perature, or 70 degrees Fahrenheit. If it is loo tight, the insl*m should he 
carefully reamed to jirovide tin* i>rnpcT fit using the reamer in the station 
to<ii e(|Ui]nnont. It shiuild he ni»ted that in cold weather, due to the con¬ 
traction of tli^ aintnimmi. the ]Mn will he ligdiler than normal. Iteforc re¬ 
assembling the cylinders on (he crankcase, an cxainniution should he made 
of (he cylinder ikkIs on the crankcase ami all hnrrs. etc., slum id he removed; 
these might cause oil leaks. 

Asaembling.—To re-assemhle the engine, rejdacc (he K<k 1 piston on 
the master rorl with piston luimhcr facing the prc^judlcr. Carefully space 
the jiistou ring^s so that the slots on the compression rings are IJtJ degrees 
apart: in other words, so they arc spaced e<iually arounti the piston. Sec 
that the oil scrajier ring is m place, with the scraping edge toward the hot- 
tom. Next, carefully oil the piston with clean engine oil. ami wipe out the 
cylinder barrel and oil it. After this is dniie. compress the piston rings hy 
means of the ring clamp provided in (he station kit. and put on No. 1 cyl¬ 
inder which should he carefully and completely fastened down before at¬ 
tempting to install the ne.xt cylinder. 'Hie hol<l-clo\vn mils should he tight¬ 
ened down evenly all around with a wrench provided and safety wired. 
Repeat the above process for tlic iiistallalum of the other eight cylinders, 
and then replace the jm^h fckIs in their enclosing tubes, being careful to 
put them hack m the same i)osUiuii as they formerly had. Moreover, be 
.sure that the gaskets at both ends of the enclosure lubes are in good con¬ 
dition and in proper position. Next, attach the intake ))ipcs, being careful 
that the packing end of the pij>c is round and smooth. The tbrre-corncred 
intake gasket on the cylinder should he in good condition. If not, replace 
it. Do not lighten down on the packing nuts with anything hut the siiaiincr 
wrench provided in the tool kit, and note that these nuts should not he 
tightened up too tight, or damage will he done to the intake pipes. 

With the cylinders, push rmls, and intake ]>i]>e.s in place, set the valw 
clearance lu .010 inch, using the box wrench provided. It is essential to 
turn the engine half a revolution from the intake closing before attempting 
to set the tappet clearance for any jiarlicular cylinder. This will insure 
that the valves are on thvir scats. As there is a .spring in each tappet which 
keeps (he push rod engagcil with the rcnkcr arm, it is necessary to lift tliv 
rocker arm in order to insert the clearance guug^e. It is not necessary to re¬ 
time the engine after a tt>]) <»vcrhaul. as the cum mechanism is n(»t disturbed 

Before replacing the oil sump, remove the screen ami clean it. lie care 
ful that the front pipe is in place in the sump and the rear pipe in the blowei 



OVERHAULING WASP ENGINE 


1293 


section» and that both are round and smooth, Do not force the sump up 
mlo place. The suction pipe which takes oil from the bottom of Ihc sump 
must have a ^{hh] gasket and must he bolted up tlt'ht. 

Before atlcmjnmK to start the entwine, the routine inspectirui referred 
to in the section of tins cliuptcr on Periodic inspection*' slkould he con* 
ducted. 

Running In.—It is desirahic to operate an engine which has hcen given 
a lo]) t»verhaul for t\\o to three hours, .starting slowly and gradually incrcas- 
mg sj»ced I'efore atteiu)»tittg ti> run the engine at full throttle <ir tly the 
plane. Tins nmniug sin mid he done hefurc retdacing the engine cowling. 
,\ 1*1 erw'arils a check slnmUl he inude for oil leaks ainl the tightness of all 
roll Meet ions. etc. If a whole new set of rings has heen used on any one 
l>iston, or other new parts uisialled, it is desirable to run the engine at 
least two hours more, and it is preferahle to i»i»cratc it witli the least |>os- 
-.ihle amount of full throttle running for five or ten hours tliereafler, in 
cinler that tltc new* jmrts may he t'rotierly run in and seasoneil. If the 
engine turns up io its cusloiuary ground speed, an<l the oil pressure is he- 
iwecn 75 and lUB ]«»unds at full throttle, the engine can l)e considered in 
good .shai>e and ready for further service. After running in. the valve clear- 
iiiiee should he rc-cliecked, as the valves may have heihled in somewhat. 
The engine luusl he cold when the clearanee is checked, or a false indication 
will lie gi\ cn. 


Complete Overhauling.—'A complete overhaul should not be required 
before Mt) to 4<K) hours servici*. Howe\cr, unusual inilirali<Mis such as ex¬ 
cessive oil consumt>ti<m or the lindmg of melal particles in the sump 
strainer may show the need for cKumination. Whenever it is necessary to 
make a comjdete overhaul, it is preferahle to remove the engine from the 
ship uitd carry out the work uu engine assembly sttiiid. On the other 
I land, if it is only necessary to examine the master rod or crankshaft, the 
hicrwer and rear sections imiy reniain m the jdanc w hile the nose and main 
'<’ction of the ease are reiinwed as a unit. Tins may be aecmujdishcd by 
first removing I lie pro j seller, the intake inpcs ami oil sunit>. and then sepa¬ 
rating the eiigiiic between the blower and the rear section of the main case. 
Be sure lo block the wheels of the jdane first and sui‘i‘ort the engine by 
die lifting hooks. 

The ’‘Stalum Tool Equipment** listed hclow' contains all the special tools 
iKCCssary for completely overhauling the engine. In the following pages 
ironr* refers to ibe t)ropeller end of the engine, ‘Tig'hl** means the right 
''ide looking at tlie rear of the engine. No. 1 cylinder is the top cylinder 
and carries the master connecting rod. The cylinders are numbered in 
rder 1, 2, 3. etc., counting in the ilirection of rotation of the engine; that 
aiiti-clockwdse as viewed from the j>ro|jcUer. The firing order is 1-3-5-7- 
^ 24-f>K. Caution: Always use a fiber drift whenever it is necessary to 
separate or drive parts together. Considerable damage may otherwise re- 


alt 


Complete Overhaul.—Before removing the engine from the ship, the 
'opellcr huh should he renuw ed hy pulling the locking cotter and unscrew- 
•g the propeller huh nut. A steel bar }i inch in diameter and about three 
long should he ii.scd for this piiq>osc. To lift the engine^ use a sling 



1294 


MODP.RN AVIATION ENGINES 


attached to the lifting eyes behind cylinder No. 1. The engine will balance 
perfectly when supported at this point. A spreader should be used to pro¬ 
tect the No. !• cyliiidcT. After the engine has been removed from tin* 
ship, it should be placed on the assembh stand and thonnigbly cleano<l 
with gasoline before any <*thcr work is nnderlaken. A clean protected work 
shop is essential for a complete overhaul. Clean pans or boxes should he 
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"fforwr nVasf" 

Rlower Gear Hiildrr. V\VA- 48 PWA—48 

t.abmcl, Slatuwi T*»»l , . . . PWA— 

Cam dear Holder. . j»WA—121 PWA—UKi 

Clamp, Piston Ring. . PWA -49 PWA—bt 

Drift, Exhaust Valve (nii«U* .pWA—120 PWA—94 

Drift, Intrt \'ab*e Guiric . . . p^^'A—05 pWA—05 

Drift, Piston Pin. PWA-12 PWA—12 

Lifling Eye, Crank.sliafl . . , ... PWA—111 PWA—01 

bifthiK Sling . ... PWA-37 PWA—37 

Plug Gauge, Exhaust \‘alvr tiimh*. 1323—T 3 ISlf^T- 10 

Plug Gauge. Inlet Valve (hnilc ... . 15l/'>—T—11 JSKi—T—11 

Puller, biuwiT Impvllvr . frWA—51 PWA—51 

Puller, Crankshaft AsM-mbImK . ... .... PWA—101 PWA—02 

Puller, Crankshaft Hearing. PW.A—69 PWA— 

Puller, Crankshaft Dis.*|s^^•ml^hnK ... ... PWA—10.5 PWA—H2 

Puller, Exhaust Valve Ciunle. PWA—110 pWA—JI7 

Puller, Inlet Valve Gimle ... .. PWA-86 PWA—86 

Puller, Kmickle Pin. PWA—HR PWA- H4 

Puller, Magneto Clear. . PV5'A--70 PWA—70 

Puller, Nose Section. . PWA—67 PWA—67 

Puller Valve KmUcr Axle. . PWA —72 PWA—72 

Puller, Valve Rockvr TWaring. PWA-73 PWA—73 

Reamer, Exhaust Valve Guide. PWA—116 PWA-41 

Reamer. Inlet Valve Guide. PWA—8 PWA-9 

Timing Pointer. PWA-115 PWA—R5 

Timing Wrench. PWIt—44 PWH—16 

Valve Grimliiig Tend, KxlianM .... PWA—117 PWA—11 

Valve Grinding T<xd, lnK *1 . pWA—10 PWA—If) 

Valve Seating T«>.d. I'WB—C) PWH— 

Wrench, Blower InificUef Nirt. PWA—50 PWA--50 

Wrench, Blower to Crankcase. PWA—52 PWA-52 

Wrench, Blower Gear fRatki 10 1 7’ll . J*WA—151 PWA—l.M 

Wrench, Crankshaft lh»ll. . PWA—106 PWA—9.3 

Wrench, Cranksliaft Plug and Cam Gear. PWA—7 PWA—7 

Wrench. Crankcase Main Bolt. PWA-*145 pWA—145 

Wrench, Crankcase Maiti Holt Nut and Si>*<ial Nut A—.Vil PWA—142 PWA—142 

Wrench, Thrust Bearing Nut. PWA—114 PWA—3 

Wrench, Rocker Arm Adj, Screw Nnt . PWA—53 PWA—53 

Wrench, Sui>ercharKer Drive tlcar . PWA—109 PWA— 

Wrench, Timing Acljusiing aied Hushing . PWA—146 

Additiotial Tiols, wA regularly furnislmL 

Asftcmhiing Stand for Fngmc. TAM—2 TAM—2 

Reamer, Knuckle Pin Bushing . PWA 028 PWA—00 

Reamer, Knuckle Pin Bmhing . PWA—130 101O-T—- 

Reamer, Master Rc»d Bearing (f)W) . PWA—110 PWA—46 

Reamer, Master Rod Bearing fSVw) . 147 

Reamer, Pistmi Pin Buslimg . PW.A-129 I’WA-^ 

Reamer, Piston Phi HusJiing . PWA—131 1010—T-- 
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provided for the parts. Next, remove the cylinders and pistons in accord¬ 
ance with the instructions contained in the section entitled ‘‘Top Overhaul." 
For this work the crankshaft* should be vertical. Unscrew the thrust bear- 
tjij; mit. No. 1,019. by means of the special wrench provided in the service 
kit. and remove the thrust cover. Next, remove the twenty ntUs which 
fusion the front section to the main section of the crankcase. It will then 
la* |>ns.«5il)lc to remove the nose section, lopclher with the thrust bearing 
s\liich is carried in it, by using the puller which fils over the end of the 



eSO.—Method of Removini **Waep'* Bofine Crankshaft and Connecting Rod 

Group from the Crankcue. 
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crankshaft aiul fastens onto llip sliuU in the front of the nose section. Do 
not drive on the \afve la)>i»H ijiiielcs uhen trying u* rcnnivc the nose section 
nor |)ry uiKlerncatli the Hankie ronneclint* it with the main case wdth screw 
drivers. 

After the nose has been rcnio\e<l. it will he jiossihle to sli<lc oiT the tiru- 

sleeve, No. 1,5M. and take out the cruiikshafl ke). If the sleeve doc^ 
not come o(T readdv. it may ta)»t*ecl otV li\ ineuiis of a fiber drift and bam- 
nuT. As soon ns tins lias been reimoed esaminc the shaft ftir burrs ami 
rennoe them before emleHNorliiji to >lide ibe cam olT ibe shaft. With (hi* 
cam removed, the oil rli>tributor bracket will be exjiosed. This may Ik 
taken olT by uiidointc the six inits. (‘ure must be taken to imfasicti the oil 
]n]>e bracket, which acts as an additional fasleiier fi»r the distributor castni;: 

Taking Down Crankcase.—'I'he main crankcase may now be hv 
renu)vin;( the mils from the niiie through bolts bilvveen the (wliuders and 
fjpully tapi'inj; the bolts back as far as tliev will ^;o. Do not rlrivc these 
bolls ayaiiisl the blower section. The forward section of the main ca^e 
may now be lifted olT the shaft. It n ill jirobably be necessary to tat» on 
two ot»posilc sales of the ease w*iih a fiber drift and haninuT while (lie ca.se 
is bcin^' lifleil. 'J'akc jiains to draw* the case oiT strain lit so as not to cram]^ 
the l^earilI^^ 'I'lie crankshaft may now* berennwed. )»referaldy b\ screwing: 
the bftin^eye into the forward eml of thc.<baft and liftmt; the whole asscm 
bly by means 4»f a hi>ist as shown at (nkt. The same liflinn; eye max 

ali^o he nsc<l. if it is necessary to lift the complete cn^oiie with the shaft m 
a vertical tHisiimn. 'fhe next operation is to remove the nnt.s which ullavh 
the main case to the Mower section ami lake <dl the inain case. 

Disassembly of Accessory Section.—The accessory section sh<»uld never 
be <iisasscnibled unless it contains some kiuovn defect. All the ^ears ma\ 
be examined bv removal id the fuel and oil pnintis after the main case Inis 
been ilismaiilled. 'I'hc .supercharger impeller may be inst»ccled by rcmov« 
ing (he f<nir screw plate un the intake elbow above the carburetor. H a 
complete ilisasscinbh is necessary, turn the assembly stniul so the acces¬ 
sories are in their normal j»o>itlon. Uien remove the ttia^nelos, starter and 
carburetor and take olT the mat^neio drive hearing covers. Next reuiuvc 
the three drive shafts a.s fulhiws: 


The .starter jaw is lichl on by a nut at the rear cud. Remove this mil 
and taji the shaft out toward the front. Each maj'ueto shaft coupling i** 
held on by a cap screw in the rear of the shaft. Keiiioval of the ci>u|)ling 
and taking out the key allows the shaft to be jmshed out forward. Kc* 
nioval of the fuel «'uhI oil pumps with ihcir bevel gears will permit the mag* 
neto shaft bevel gears to he taken out. The gun synchronizer coupling- 
are screwed on their shafts and held by straight pins covered w'ith spring 
sled snap rings. These shafts are taken out through the ]mmp openings 
With the shaft.s out, turn the rear section iii>i>ermost and it may then In* 
unbolted fr<»m the bb>ucr and these two ]»ar(s separated by tajipiiig "id* 
a soft hammer. Do not pry ajiart with screwdrivers. C are must he taken 
to draw the rear section straight up because Ibe three acces.sory shaft bush 
ings wdiich are pressed into (be rear section also fit in the blcnver scclio)* 
When setting the rear section down, avoid resting it on the projecting o’- 
pipe. 
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The Wasp engine can be fitted with blower gearing of different ratios, 
according to the pur|>ose f<jr which the engine is used. The earlier engines 
have Sri ratio nonfloAling gears. All engines rated at 450 borse[)ower 
have 7:1 ratio gears with a dilating drive gear. In han<lling the 5:1 non- 
lloating gears, proceed as follows: To disnsseinbic tbc f>lower gearing take 
out the impeller nut pin and unscrew tbc nut with the fish tail screwdriver. 
I'his nut has a left haixl thread. Use the special tool provided for holding 
the gears as shown at Kig. (i3I. Do not insert a serew<lriver between tlte 
ivcth for this purpose. Take o(T the iin|K*ller, using the special ])ullcr. 'I'he 
.'ihnuimun co\cr over the blower shaft bearing may now be reini»ve<l. 



631.—**Waftp" Engine Blower Gear Holder m Use to Hold Blower Gears Sta* 
denary While Impeller Nut and Bearing Retaining Nuts are Applied or Removed. 


Mie Idower intermediate shaft rear ntil should be taken «)iT, followed 
*y the front mil on tlie .same shaft. The blower gear holder is used 
during this operation, as well as when removing the liU>\ver nut. The 
double gear is now free and can be taken nut, after which the intermediate 
"haft may be withdrawn. Removing the front nut from the blower im|>ellcr 
"haft allows this shaft to be taken out towanls tbc rear, together with one 
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of its 1)carinjjs. Tu onler to remove the other bearin^f it is necessary to taki 
out the bearing cage. To do this, press out the cage with an arbor shapes 
to fit it. If llic cage is excc.ssivciy tight, apply a gentle heat to the boss 
When replacing the cage, the slot in its rear edge must be lined up with Ihv 
slot In the blower section. Caution: Excessive heat will spoil the bearing. 

Floating Gears.—In the floating gear assembly, the crankshaft gear 
does not com)»risc two spur* gears as in the solid drive, but has a single 
gear which takes care of the starter an<l magneto drives. On the inside nf 
this gear arc clutch teeth which engage ilic Mower driving gear. The 
driving gear is in<lcpcndcnt of the crankshaft ami floats on its own broiue 
bearing, suiiportccl by the blower scctirni of the crankcase. Removing the 
six screws on the face <»f the bearing will allow the bearing and gear to be 
withdrawn. 

T(j remove the mit> uu the inii»cller shaft an<l the iiUernirdiutc shaft, 
fix the gears in positirni with the *'Ub»\ver gear holder** simwn at (‘ig. 631 
which has internal teeth to slip over the inlenne<iiatc pinion. If the inter' 
mediate .<haft should turn in its gear, it may bo held by lucaiis of the slot 
in one end. The internie<liatc .shaft has to he <lriven out of the ilouble gear 
(forward) before the gear can hr taken out of the ease. The gears ami 
bearing should not I^how excessive* wear. The imiudler shouUl be a good 
fit on the sjdinc<l shaft. Make sure the oil drain hole.s and grooves arc 
open. Test the passage which supplied cnl to the lilower gears and espe* 
cially the oil feed tt» the floating gear l>eaniig. 

The oil strainer and oil jiressnrc relief \alve shouUI be taken out and all 
oil ]>a.‘isagcs in the rear section thoroughly cleaned. The sump strainer 
shouUl be removed atnl the sump cleaned out, as well as the pressure oil 
pijie which passes through the sump. Disassemble the oil pump and see 
whether excessive wear calls Utr replacement of any jiarts. 

Disassembling Crankshaft.—This engine has a ouc*picce master rod 
and a t\\«>-piece crankshaft. Tu remove the master rod the crankshaft is 
best held while wc^rking on it by grasping the front counterweight in a 
soft-jaweii \ isc, as shown at Fig. 632 A. The accesstiry drive gear should 
then be renuivcd from the rear end of the shaft by unscrewing four cap 
screws fouml insnle the gear. The rear roller bearing may then he taken 
off, using the I'uller provided, as shown at Fig. 632 B. The crankshaft is 
fastened together with a through Im»K secured by a colter pin located near 
the head. 'i*akc out the cotter pin and unscrew the bolt using the special 
box wrench. Jl will he noticctl that there arc two separate lhrea<led pc»r* 
tious of the crankpin. After the bolt is unscrewed a certain distance, it will 
be free in the craukinn hut cannot he removed until it is screwed back 
through the second thread. 

Two special screws are provided for use in separating the two parts of 
the shaft. The smaller of these is designed so it can be .screwed into the 
forward end of the crank])in vviihiml retjuiriug the removal of the front 
main bearing. Screw this ]iiece in until nil its threads are eng^aged, but no 
further. Now insert the larger screw in the cipj>osite (rear) end of the 
crankpin after oiling It thoroughly. Screwing up this large screw will force 
the shaft apart. Be careful to avoi<l dropping the rear section when the 
shaft comes apart. 
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Rod DisaBsembly.—Remove the rod asscinhly and place on a clean cloth 
nr paper for examination. H the master rod hearing is in good condition, 
and ihe link rods have the reqnired clearance, it is strongly recommended 
that the casscnihlv he not <fisfiirhcd, cxrcpf for thonnighly washing- Should 
il he necessary l<» remove the link ro<ls, first remove the four locking plates. 
When these plates have been taken olT, the knuckle pins may he pulled out 
ime at a time by using the knuckle pin puller furnished. 

Miscellaneous Disassembly.—Valve s])rings can he taken ofT without 
removing' the valve r<»ckers. The rocker arms should not he <!isassemhlc(l 
unless ahsolnlcly necessary. For the reiiioxal <if the rocker arms two pull¬ 
ers are fnriHshe<l. one fi»r removing the hearing an<l one for jmlling the 
pm out of the valve rocker. Sectiim A-A of the cng'inc assenihly <lru\ving 
at l*'ig. h2l shows the conMructnm of the rocker shaft. Keniove the central 
l>olt and ajit>ly the hearing jmlkT on the side nearest the shonhier <»f the pin 
(the rfght hami sitle in the sectional ilrawing). Pull, the rocker ami hear¬ 
ing's over until the r*>cker tonche.s the housing. Removing the jniller will 
esjiose one hearing, which should he taken olT. Now use the other puller 
to rein<»ve the jiin from the rocker. 

Kach tappet has an internal sjiring' which acts to raise it off the cam. 
Jn order to remove a lai»pet it is necessary to push it in as far as il will go 
and take out the roller pin ami roller. 1'he tappet and guide can then he 
rcimwnl. To take the lapjict out ol the gni<le it is necessary to remove 
the jun which hohls the tappet spring. It should not he uecessarv* to re¬ 
move the tappct.'J from Ihe front seclnm unless excessive w'ear is evidenced. 

1'hc intermediate cam gears, part Nos. l,0()^> and 1,548, shouhl he re¬ 
moved from the front main crankcase the hushing can he examined for 
wear. The retaining nut is .‘secured hy a colter pin in.side the gear huh. and 
a .special wrench. No. PWA-7, is used for this nut. while the gear is hehl 
hy PWA-100. Blow (utt the oil pa^-sage in the crankcase to make sure it 
Is clear. 

Clutch for Blower Drive.—The high rotative spec<! of the hlowcr im- 
l^eller gives it considerahle flywheel effect in spite <if its light weight. To 
ahsorh any shock.s due to sudden change.s of speed, a slipping chilch is pro- 
vided between the crankshaft and the floating g'enr which drives the blower. 
Tlie clutch is assembled in.side the crankshaft gear as shown at Fig. 6^^ 
ami comijrises: 2.1-I4, a steel plate to provide a wearing surface; 2,208, 
a toothed bronze piece piloted in the crankshaft gear, forming the driven 
member of the clutch. an<l which drives the floating hlowcr gear hy its 
teeth; 2,203, a thin steel plate keyed to the driving member: 2,204, a thin 
bronze plate keyed to the t(x>thed piece; 2,207, a steel plate w'hich presses 
the other plates together and which is keyed to the crankshaft and has a 
pilot in the central hole of the cranksliaft. A spring. 2,120. exerts pres.«mre 
on 2.207, and is anchored hy a holt, 2.143, screwed into the rear crankshaft 
from the front side. 

To disassemble the clutch, undo the small nut at the rear and remove 
^hc spring. The plates will stick together on account of the oil on them. 
The puller PWA-153 shouhl he screwed into part 5 which can he taken 
out by a direct pull or hy screwing the puller all the way in until it hits a 
J'houldcr on the central holt and jacks the plate cuii. 
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An oil jet in the crankf^haft (^ee drawing) Inbricates the clutch, and 
should be checked to see that the pai^sage is clear. The central holt need 
;tot be removed from the shaft. Note, however, that if for any reason this 
holt should he replaced, it must be locked in place by punching the flange 
into a small countersink in the crankshaft. After the clutch parts have 
(lecn taken out of the crankshaft gear, the latter may he removed by taking 
• \\\i the flat head screws which hold it to the crankshaft. The various parts 
I hen appear as shown at Fig. 634.. 
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Fig. 633.—AfSembly Drawing of **Waap** Supercharger Drive Clutch. 

Assembling Clutch.—The various parts should he inspected to see that 
he friction surfaces are smooth and that there is no noticeable wear on the 
^evs which prevent turning. The teeth which engage the blower drive gear 
dnnild he examined. After making any necessary replacements, clean and^ 
'il the parts and put them together in the reverse order to disassembly,* 
'living first assembled the two halves of the crankshaft and put on the rear 
^earing and gear. Be sure to put in the spacer that goes inside the spring, 
md screw the nut up tightly against this spacer. The length of the spacer 



1302 


MODERN AVIATION ENGINES 


detet mines the spring' pressure and hcncc the hiddinf^ ]>ower of the clutch 
Before putting the crankshaft in the engine, however, it is well to check 
the clutch as follows: 

Hold the crankshaft in a soft>jawed vise so that the clutch overhangs 
the edge of the bench as shown at Fig. 635. To turn the clutch it is neces¬ 
sary to have a gear .similar to the Hiiating hlowcr gear, with a lever arm 
attached to it. (See photo at Fig. ) With the arm horizontal, the clutch 
should sustain a 50 pound weight hung at a di.stancc of 27 inches from the 
center of the crankshaft; this is a turning moment of 1121^ pounds-feet. 
The clutch shouhl he tight eiuuigh so that with the lever slightly above 
the horizontal and the w'cight hanging as above, striking the top of the 
lever with the hand will cause the w^eight to fall a couple of inche.^ and then 
stick again. If it is necessary to increase llic tension of the chilch spring, 
take out the sparer which goes inside the spring. an<) face it oiT slightly, 
keeping the cnrl.s scjiiarc. Iteforc testing the clutch it is well to take hold 
of the lever arm ancl wt>rk it hack and forth, to s(|iieezc out surplus uil. 





Fig, 634,—Supercharger Drive Clutch of "Wasp** Motor Taken Down to Show Parts. 

Inspection.—After di.sasscmhiy, all parts .should be thoroughly cleaned 
and laid out in groups on a clean bench for inspection. As the parl.s are 
examined, make a list of all defects and all parts that are to be rc|daced. 

Connecting Rods.—The link rml luishiug.s should be examined for ex¬ 
cessive w'car or roughness, The maxiniiiin clearance to he alU»wcd is .003 
inch on the ju.slon pin hushing ami .0025 inch helweeu the knuckle pin and 
its hushing. The side clearance between the muster rod and the link rod 
should not exccc<l Old inch. If c-sec^sive wear i.s shown or if the bushing' 
are scored or .scratched, the> should he rejilaccd. The surface of the knuckl<' 
pins should he smooth. Any slight roughness can be stoned down hut deep 
scratches indicate that the pin should he replaced. Make .sure that the oil 
plugs inside the knuckle pins are tight and without any evidence of leaking. 
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The maximum clearance between the master rod hearing and the crankpin 
IS .003 inch, and the end clearance of the master rod should not he more 
than .020 inch. Ulow out the oil passages in the master rod. 

Crankshaft.—The crankshaft screw oil plugs should bo taken out so that 
I he iuside of tlic shaft can be cleanecl. KNatinne both crankshaft main hear> 
mgs for wear. 'Pho cam driving gear and the cam sleeve should he a slip 



Pig. 635—Method of Testing Holding Power of ‘‘Wasp*’ Motor Supercharger Drive 

Clutch. 


^it on the crankshaft .so that the timing adjustment can he made when the 
^uguie is re-assemhled. If there is any roughness, smooth up the shaft with 
fine stone. A hardened steel washer is used between the two halves of 
die crankshaft. Any roughness on the face of this washer or on the corre-* 
^ponding part of the crankshaft should he removed with a fine stone. 

The cam hub should have a clearance of not over .006 inch on the crank- 
'^haft sleeve. The outside of the cam hub runs in the oil distributor bearing. 
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If the surface at this point has been cut by dirt in the oit, it should hr 
smoothed up. No greater clearance than .010 inch on the diameter should 
he permitted at this point. Examine the internal gear of the cam for wear. 
Examine the pr(»i>eller thrust hearing which goes on the forward part (if 
the crankshaft and if there is any looseness it should he replaced. See the 
section headed *‘Clutch" for inhirnialion on the clntcli parts. 

Pistons.—The pistons sh<mld he carefully cleaned and examined. The 
wristpin should he a push fit at room temperature, or 70 degrees Fahrcn 
belt. If it is too tight, the piston should be carefully reamed to provide tlie 
proper fit with the reamer in the station tiK>l ctpiipmcnt. In this ciMinectitm. 
it should he noted that in cold weather, due to the contraction of the alumi¬ 
num, the pin will be tighter than unrninl. Examine the wristj)in hcisscs 
for cracks. The piston rings should bear around their cnlirc circumference 
and preferably have no nu»re than .025 inch cud clearance while in the cyl¬ 
inder. Moreover, they should be entirely free in the ring grooves. A con¬ 
venient method of checking the end clearance of a ring is to put a piston 
in the cylinder au<[ then init the ring in place against the en<l of the ])istou 
This will make it eaj^y to insert a feeler in the ring gap aiul determine the 
exact clearance. If it is necessary* to replace rings which do not meet these 
rec]uiremcnts, it is desirable to pnt the new ring.s in the lower grooves. In 
this way, the old rings which fit the cylinders will provide proper ])rotectlori 
for the new rings until they are run in. New oil rings .shonhl be used if 
the scraping surface is more than half llie width of the ring. 15c careful 
not to sjireail the rings any more than necessary in removing or rcjilacliiy 
them. Rings with less than 34 gap when free .should be replaced be* 
cause their tension is Icm) low. Five poumls is the minmunu tension that 
may he .satisfactorily used. The ring tensbm is tested by resting <ine side 
of the ring on a plalfnnu scale with the slot at one side (90 <legrecs from 
the point of contact « ith the scale) and noting the amount of pressure that 
must be applied to the top of the ring to close the slot. 

Cylinders.—Cylinder fiarrels should be examined for taper and r<mnil- 
ness by the use oi an inside micrometer or a special Ames dial indicator. 
Cylinders ta]>ere<i or out of round more than .003 inch should he replaced 
The inner .surface, of course, should be siniKith. The cylinder barrel and 
cylinder head are permanently attached to each other and cannot he de¬ 
tached. In case a cylinder is damaged hy over priming, running without 
oil or for other reasons, it is neces.sary to replace the complete cylinder and 
head assembly. Inspect the valve guides for wear and look for cracks in 
the cylinder head ca.siing. A crack may be found after long service across 
the cooling fin which connects the inlet and exhau.st parts. This docs no 
harm. 

Gears.—The cam driving gears .shoubl he inspected for wear. The 
gears should be stoned if necessary to remove any roughness. The blower 
driving gears should be examined carefully. The oil channels in the blower 
section should be cleaned out. Inspect the both halves of the main crank- 
case for cracks. Be sure all pi])ing is in good condition. If not, it should 
be replaced. 

Replacement of Parte.--'Whcn the inspection has shown that certain 
parts need renewing, all necessary replacements should be made before 
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beginning to assemble the engine. Be sure to fit the parts to the clearances 
shown at Figs. 621 and 622. This is absolutely essential for proper opera¬ 
tion. Number each new pari to correspond to the number on the old part 
which is replaced. The numbers on the drawing correspond to a key 
tabulation \>hich follows under heading "Table of Kits—Wasp Engine.'' 

Connecting Rods.—If excessive play has developed in the master rod 
big end licaring, this will have to be replaced. To do this recjuircs special 
ef)uipiueiil. It is far better to replace the master rod assembly and send 
ihc old rorl to the factory for re*bnsliing. if it is uercssary (o lUt this job 
in the richl, prt>])er e4|Ui]nT)ent must be at haml and the following instruc* 
nous .'«hf»u)d be ii«ile<l. To rciiuoc tbc master rod bearings first take out 



Pig. 636.~Metho<l of Timing the Pratt & Whitney "Wasp'* Engine. The Screwdriver 
s Inserted in Breather Hole for Separating Cam Drive Clutch Teeth. Pinter Must 
Register with TC Mark When No. 1 Piston is on Top Center. 

the dowel screws and turn i>fT one flange. Then pre.ss out l>oth bushings 
at once, using a .suitable arbor. 

In order to put in new bushings, the master rod must be healed in oil 
to a temperature of about 250 degrees Fahrenheit. This will expand it 
r^nough so that the bearings can be tappet! into place with a block of wood. 
It should not be ncccs.sary to drive hard, as this would be likely to crack 
'he babbitt. After the bushings are in place, the holes for the locking 
screws should be drilled. A No. 4 (.209 inch) drill is used and one hole is 
^etjuired in each bushing, using the tapped hole in the master rod as a 
guide. Take pains not to damage the threads. The inside of each hole 
should be chamfered about .010 inch where it comes through the babbitt. 
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The screws can ihcn be put in place and secured by usiiic a center punch 
on the master rod alonj^idc the screw holes. The locking pins must not 
project all the way through the bearings. 

A special fixture is retjuired for reaming the new bearings. The ream¬ 
ers must be kept sharp. Use a mixture of equal j»arts of lard» oil and kero¬ 
sene for a lubricant while reaming. The clearance should be .0025 inch tn 
.003 inch on the diameter and .012 inch on the length. The cud clearance 
is very important and should be obtained by c<(nHl scraping on both bush¬ 
ings. 1'he crankpin should be l)lue<l and the bearing tested. If the ream¬ 
ing has been ]>r<iperly done no scraping .vUcniUl be necessary but it is 
advisable to burnish the hearing. Clean mil the holes which supply the 
kinickic ])ins wilh oil and make sure they conmuinicatc with tltc main bear¬ 
ing holes. 

The piston pin and knuckle pin bushing*^ arc hcltl in by brass tuns .163 
inch diameter by ^ inch long. Tliese must be drilled out with a No. 21 
drill before trying to renifive the bushings, A suitable <lrift should be pro¬ 
vided for pressing out the bushings. u>Mig an arbor press if one is available. 
When inserting a new bushing, have the oil holes projicriy lined up and 
white lead the bushing before pressing it iiiUi |K»sitioii. The locking ])iii 
hole is not drilled all the way through the bushing, but just deep enough 
to receive the pin. Sliglilly rivet over the cclge of the hide after the pin 
is put in. 

Pistons and Rings.—If it should be necessary to replace a piston, the 
new piston must not be more Ihuii .03 ]>ound-s {jj ounce) dilTerenl in weight 
from the one it rcplace.s. The weight of the juslmi will be fotiiid on the 
under side of the skirt. The U»wer end of (lie pisUm may be bored out for 
balancing, but not larger than .“iJk inch diameter. 'I'wo types of pistons 
are in use. Navy engines after No. 28f) ami Cominercinl ciij;inos after No. 
7.30 have heavier jiistons than formerly used, and replacement must he 
made accordingly, Caution: The heavy pistons cannot be used in the 
earlier engines which have light counterweights. NVhen new rings are 
fitted, the end clearance should be between .008 inch and .015 inch. The 
side clearance for the lop ring .should he .004 inch. The next two ring.s 
should have .002 inch to .0025 inch and the bottom ring .0015 inch to .002 
inch. 

Valves.—h'ull instructions for grinding valves are given in the section 
on Top Overhaul. 

Replacing Valve Guides.—^The inlet and exhaust stems are of dilTercnt 
diameters ati<) it will be found that the station tool ecpiipnicnt includes two 
sets of tools for handling the valve guides. A puller is provided for remov¬ 
ing the guide.s. Hefore using it, it is wxll to examine the lower end of each 
guide to make sure it is not swelled out or burred over, as thi.s would cause 
splilling of the boss in the cylinder head If the burr is not reniuvcd before 
forcing the guide out. After removing the guide, see that the hole in the 
cylinder head is clean and free from nnightie;>s and also examine the new 
guides for burrs. Drifts are furnished for driving guides in. Smear the 
guides with w hite lca<l and heat the cylinder head Ur ahont 200 degrees 
Fahrenheit before trying to pul in the new guides. Heating can be accom¬ 
plished by directing u gentle blow-torch fiame on the aluminum guide boss 
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inside ihc port. Reamers and plug gauges are supplied and each new guide 
must be carefully reamed to fit the proper gauge. 

Studs.—Whenever a stud Is taken <nit nf any aluminum part, it must 
lie replaced with an oversize stud in order to have a light fit. Oversi:?e 
Studs are furnished wdth the sp€'irc parts, and must be cm oil to a suitable 
length. 

Timing Gear Bushing.—Tf it is necessary to re]dace the liming gear 
hushing, part No. 1.015. see that the <»il hole in the bushing lines up with the 
oil hole in the lop of the boss. The proper clearance of the gear in the 
Imshing is .002 inch on ihe di.-unclCT and .008 inch emi clearance. 

Assembling the Engine.—After the iiispoclion bus been inaile and neces* 
sury corrective work Ccjin]deled, the engine is ready fcjr re-aNseinldy. The 
‘'VVasj/* engine may be as.'^embled sinniUaneou.sly in two units; imincly. 
llic power .section and the aecosory secihm. To do this retpiires Uvu as¬ 
sembly st.inds. If the-^e are not available, it i.s iicecssary to build u]i the 
i^rccs.sory sec (ion first, ami then u.>e it as a holding fixture for the asseml)ly 
t'f the jiower section. 

It is absohiioly neocNSury to have a clean, well-lighted work-room for 
the assembly iif engines. The parts should uU be carefully cleanc<l before 
ilie assenibliiig is ciMuineuced and the greatest care should be lakeii to avoid 
getting din mto the engine as ii is built up. The various bcurings slumld 
be Muearetl with clean engine oil as the parts are being put ti>gelher. It 
i< well In inspect all parts for slight burrs or nicks (luil may have resulted 
fr(mi r<mgh Inaiidlmg or other accuienlal causes. If any such arc found 
they must, of course, be removed before the parts are put together. The 
v.irious nuts, bolls and other fusiciiitigs of the engine are all .seeured hy 
some kind of locking device. As soon as each part is avseinhle<l. the cotter 
pm, wire or other U»ck sliouhl be pul in. If this i.s ii<»i done immediately, 
U IS likely to lie forgotten, and a fi»rced kmiding may result. 

Safety Locking Devices.—The following special U»cks are tise<) in the 
\Vus]» engine, ainl must be put in place when I lie engine is assembled : 
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I he following parts are secured with cutter pins: 


Pati Namr Sisf of CoUer 

boll—Crankshaft .A" x J' 

Holt—Mam Crankcase . 

Pin—Slnrler Jaw .Ai" x kS* 

Nui—Hlewcr Sliah ./i* x 1^* 

Kut—Blower (nt. Sliah . .A" x 

Screw MaKnrIo Drive Sliaft . A'* X 
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Nut—Proi>fUe^ Hub .A* x 3^" 

Bolt—Rocker Arm .A*x 


The nuts holding the following parts arc secured with soft hrass wire 
(metallic bell lacinij) .052 inch diameter: Cylinder Flanpe, Cylinder tn 
Crankcase. Itlower to Main Case. Front Section to Main Case, Front Bear¬ 
ing C Dvei. 

The nuts or screws holding the following parts are secured with sofi 
brass wire (metallic hell lacing”) .(MO inch cliameicr: Bracket—Oil Feed 
Bearing. Capscrew—Inlet Pipe, ('arbnretor. Cover Blower Bearing, Cover— 
Generator Hole, Cover—Cun Conlred, Cover—Magneto Drive, Cover- 
Oil Screen, Gear—Crankshafl Rear. Guide—Valve Taj>pet, Lock—Knuckle 
Pin, Magneto. Pipe—Oil, Pumfw-Fnet. ruin|»—Oil, Sump, Tachonietei 
Drive. 

Blower Section.—After the Mower si*ction has been tbf»roughly cleaned 
it can he bolted to the assembling stand with the oil sump connection nl 
the lowest point. The blower impeller shaft and bearings tnay then he 
put in j>lace and next the blower inlertncdiate. The iiiterniedinte shaft gear 
should he put Oil ami then by using the blt»wer gear holder furnislied in tin* 
station Kiol etpnptnenl. (he rear nut of (he inlernu'diate shaft and (hr front 
nut of the inijidlcr .shaft can be prtiperly tightened. These two nuts are 
secured by cinter pins. n*lie bearing cover is beUI against the blower casl- 
ing by eight screws and a gasket is n<ed between (he cover and the casting, 
A new g^asket should be used and shollackerl to (he co\cr, vvbieli should he 
carefully cleaned. Oil the other side of the gasket. See (hat the oil slingrr 
is in |dace on the impeller shaft. After the comt has been made fast an<l 
wired, the impeller is jnished on the shaft and the cone sbaj>cd imiicllcr nut 
secured. A siwcial screwdriver b»r tightening tins imt sujfjdied ami (he 
blower gear holder Is used to hold the gears stationary while this is being 
done. Do not use a .screwdri\ cr between the gears to hold (bcin. bul use 
the gear hid<lcr which is made for that puri«ise. Be sure that the impeller 
nut is screwed uji as tight as pi^ssible and then fmt the safely pin In place 
This pin should be made fn»m an eight j)eiiiiy nail ami is lient «iver at hulh 
ends to hold it In place. 

Turn the bhwver section over Si» the front side is on toj). Examine the 
floating l»ln\vcr rlrive gear and its hushing. The latter should he a tight fit 
on the boss of the blow'cr casting, and in any case, not more than .00(15 inch 
loose on the diameter. The bearing surfaces of the liuslimg and gear must 
be in good conchiion and the clearance between them slnaild not be more 
than .008 inch. Be sure that the oil pa^sa^^e which feeds this bearing is open 
and that the holc.s register. Oil the gear, jml it on the bushing, and tap 
the bushing into place, fa.stening it with the six small screws. These must 
be wired. The en<l clearance between the gear and the flange of the bushing 
should not he more than .010 inch. (These directions are (»f course, un¬ 
necessary on engines having a double gear on the rear of the crankshaft.) 
Put the pressure oil pij>e in place. While the castings is in this position, 
make sure that the various plugs in the front face of the blower are tight. 
Any loo.seness can be remedied by carefully |>eining the casting around the 
edge of the plug. When everything is in order here, reverse the assembly 
stand so that the rear side of the blower will be uppermost. 
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Rear Section.—The rear casting may now he placed upon the blower. 
The greatest care must be taken to guide the rear section perfectly straight 
while it is being brnughi down into |H).sition. Three drivc-shaft bushings 
and the oil prcs.sure pipe have Uj be entered into their respective holes, and 
damage will result unless they are carefully guided. Care must be taken 
in handling the rear section to see that the oil pressure transfer pipe is not 
daniage<!. ‘]*hero is a gasket hclwccn the rear and blower .sections. This 
need not he replaced unless it is in poor condition. The nuts which fasten 
the rear .section to the hl(»wer secti<m must he locked with palnuts. 

Il inny soinctniics hap}icn that the blower ^cctkou will already be at* 
lachcfl l‘> the inalii crankcase when the rear section is pnt onto the blower, 
as for instance, when the rear section has been removed from the engine 
without the latter being completely disasdetnhled. In such a ease, the gun 
rcmtrol shafts mu.<t Hr.si he assembled in the rear section, leaving the cover 
plates loose to he fa>tcnc<l later. 

Ne.xt. turn the assembly into the o|>eratlng position and insert the starter 
shaft and pnt on Ihc starter jaw. 'J'lns is secured with a straight pin which 
III turn is fastenc<l with a cotter pin. Hcftire putting the magneto drive 
shafi.s in place, the >eriie:il shafts which <lnve the gun .synchronizers must 
lie put in thniugh the )iiini]> openings. 'J*he gnn control shafts should not 
he secured at the top nniil after the driving bevel gears arc in place, as 
these shafts have lo he lifted nji to let the gears pass. The magneto drive 
shafts are then as'^emhled in plate an<l the keys ]mt in these .shafts and the 
lu vcl gears are put im. 'I he niagnelii drive covers arc now put on and their 
screws wired iif>: before doing this, however, inspect the leather oil retain¬ 
ers io insure that they arc in giKid condition. 

'I'he magneto coupling is held by a screw in the end of the shaft and this 
screw IS secured by 4 a center pin. The ui>]>er cover plates for the gun control 
-hafts can now he screwed d<»wn ami the gun control couplings screwed on 
Ihe ends of the shafts. Thc.se couplings are held on by straight pins and 
Miap ring goes around each one to h<dd the pin in place. Test all the gears 
for liackla.sh. I'he bevel gears which drive the gun controls, oil ]>ump, and 
fuel ]mni|) should have .004 inch to .012 inch backlash. New bushings must 
he faced olT to make the gears mesh pro|>crly. 

‘I'he oil pump parts .should he well oiled when they are put together, 
llic pump can then he assembled into the rear casting. Ihit on the fuel 
putiiii and pnt the oil strainer and strainer cap in place. The starter should 
put on Iwfore the magnetos, as thi.^ makes it easier to get at the nuts, 
hollow up with the magnetos and carburetor. Pay no attention lo the lim* 
• iig (jf the magnetos when juiuing^ them on. The adjustable couplings al¬ 
low them to he timed after the engine is completely asseml>lc<l. The igni- 
'lon wire tube with the wires and magneto distributor blocks should be left 
"tf until the rest <»f the engine is assembled. As soon as the accessories 
•I'e all in place, turn over the a.ssenibly stand so that the accessory drive 
guars arc facing upwards. Then put the rear half uf the main crankcase 
place, hr.st being sure that all nine of the main case bolts are in position. 
^ here is no gasket between this piece and the blower section. 

Connecting Rods.—Assembling of the master rod should be done on 
*he bench. It will be found that the master rod is marked to show which 
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side goes toward the front or propeller end of the engine. It must be as¬ 
sembled on the shaft with the knuckle pin locking plates toward the rear. 
Each link* rod ks iniinhered <m the rear side to correspond with the cylinder 
in which it works, an<l the master r<wl is also nunihcrcd atf>ngsi<le of the re¬ 
spective knuckle pin boles. 'I'he knuckle pins push in place easily for a 
certain distance Inil must he ])resse<l home with considcrulde force. They 
arc best put in place in pairs with the locking pl.ite between the two knuckle 
pin.s. The pins and the link rod bushings mn.st be liberally smeared with 
oil. The two knuckle pins are tapjK.*d in place at the same time hy using 
a block of hard w<hi< 1 aiul a hammer. Fasten all !»»ckiug plates with the 
fillister head screws ami iniinc<liatcly wire the screws. 

Crankshaft.—before starting to asscinfde the crankshaft, make sure it 
has hccu thoroughly cleaneil and the surfaevs do not show any burrs or 
other roughness. The best uay h<»ld the crank.shaft is to grip the covni- 
tcrw'eiglit of the frotii half in a .soft'jawc<l vise as )»reviimsly dcscribc<l ami 
illustrated The screw plug Nr». A*1 is j»ut in jdsicc in the rear end of the 
front or main half of the shaft and Ifickecl hy punching the edge of the plug 
into a hole in the shaft. If this plug has been defaced in renuiviiig it. a 
new one should be UmcI. Oil the master tikI bearing thoroughly and i)ul 
the connecting nnls in place with the knuckle pin locking idales towarrl the 
rear. Gre<lug should he smearetl in the hole in the crankpin and alsti on 
the rear part of the shaft which pushes into this hole. Do m»t tisc white 
lead as it dries and fills up the oil luiles. 

Insert the hardened .steel washer A-1.*^.^.I in place on the rear end of 
the crank pin. H this does not stay in txisition, it may be stuck on wdth 
a little grca.sc. The rear half the shaft may now he otTrrerl up. It should 
he pulled into place hy using the sjK’Cial puller furnished for this purpose. 
Hammering on the shaft should he avoitled. hut if absolutely necessary 
should otdv he <lnne wdth a lead hammer or ahiminiim drift. 

The. crankshaft bolt after being thoroughly <uled may ii*)\v he put in 
place and .screwed up tight by means <if the |>r<»i>cr 1 k»\ wrench Do not 
try to use a monkey wrench for this j»»h. as it is nece.ssary l<i liave this holt 
screwed up hard. The colter pin which secures the bolt is placed near the 
holt head and a new hole wnll probably bave to be drilled in tlie boll at 
assembly for this ctdicr. It is not wise to allow more than three cotter 
pin hfdes to he <lrilled in the crank>haft holt. If it ha.s already been drilled 
three limes, a new bolt should be used. 

The rear main bearing may now be put in place, followed by the crank¬ 
shaft rear gear. This gear is held on hy four caj) screw s wdiirb should he 
wired up as soon as they have been tightened. If the engine is one which 
has a clutch to <lrive the blower, the special tf»nl PWA-149 may he used 
to push the bearing imo place. The gear will he held on by four counter¬ 
sunk head screws. 1*1 1 esc are eoverc<l by a steel clutch plate and need im 
other means of locking. 'Hie clutch parts can mwv be assembled according 
to the directions prevloush given. If the forw'ard main bearing has been 
removed, it should now* be r«*jdaced. 

Assembling Pods and Shaft in Case.—As soon as the crankshaft as 
scmbly has been made up with the rods on it an<l other parts, it should be 
lowered into the rear half of the main section wdiich has been previously 
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attached to the blower section. The crankshaft should he kept In a vertical 
position and carefully lowered sn that the blower, nia^icto mu! starting 
^ears are incslic<l while it is still snpjtorlefl. It will he fonnrl as sotin as 
ilic have cntcre<l that the a>scinhly will go readily into place. Con¬ 

siderable danuigc tnay be done if an clTorl is ni:i<b* to force the shaft into 
jmsition. He .sure that tl»c master c*»iiuechng rod is placed in cylinder 
No. 1. It will be foun<l that the C}dindcr pads are marked on the front of 
the crankcase au<l that No. I is directly ojiposite the siiniji connections. 
Assemble the intcnneiliate timing gear in the front half of the main case. 
This gear is held m by a special nut A» 1.012 and a cintor jnn l(»cWs this in 
place. Willi ihrsc purls assembled, the main case can !>c pul on oser the 
front bearing. Tlii.s shonbl luov be slimmed over the end of the crankshaft 
and pul into positimi over the fcjrvvard roller bearing, (ienily tap the front 
half down into positum. U may be iiecewirv In pnsh the end of tlie crank¬ 
shaft slightly in one direction or another ti» make the crankcase holt holes 
line xi]i. W'hcn this is accotn])hslicd. the nine Indt.s should be tapped in 
]dace and lludr nuts .screw erl iiji ancl cottered. He sure the cylinder pads 
arc (lush before tightening h(»nie the nuts. 

The timing gear is now juil on the crankshaft, with the driving dogs 
forward, after which the oil diMnbtUor bracket vvith its attachet) oil pipe 
r.an be fa.^lcncd on. I'he cam drum is tdace<l over its sleeve which is then 
on tlic ciankvhafl and cngagcfl with the key ways m the liming'gear. 
All the.se part.s must be copiously oiled before assembly. See that live cam 
drum lias al least .010 inch eml jday. I’lii.s is very important The craiik- 
"hafl key shouhl mwv l>e jilaced in its keyway an«l the liming sleeve slipped 
over it. 

Next prepare the nose section for assembly. All the valve tappets and 
rollers should lie re-assembled, after being well oiled. The thrust hearing 
‘‘lioiild be placed in the nose and the whole assembly put in place. No 
gasket is used between the main crankcase and I be fr<mt section. The 
rrankshafl thrust bearing'nut ami oil .slmger may now be screwed u)>. hut 
not hard. This brings llic crankshaft up nilu proper pu.Mtitiii in the center 
of the main cmnkcase ami should be done before (be crankshaft is turned 
nnmiid. as sonic damage may lie done if it i.s turned anmnd w'hilc it is rest¬ 
ing on the rear main case. The llirnsl bearing cover nec<l not be tml <ui 
niitil after the engine is timed. 

Cylinders.—Tlie valves, valve springs and rocker arms shmdd be as¬ 
sembled in the cylinders Iwfore the latter are put on the engine. A sticcinl 
loot is funiislied for putting in and taking out the valve rocker pins. Full 
directions for assembling the pi.sUms an«l cylinders arc contained in the pre- 
•ctliug section entitled ‘*Top Overhaul.** When tlie cyliiiclers. jiUsli rods 
•md int.ake pij>cs are in place, the <jil sumt> is put on. Two oil connections 
•‘T-c anlcmiatically nia<le when the sump is put in place. Do not force the 
ump up if something iirevents the pipes from going together. The suction 
•pc which takes oil from the bottom <»f the sump niusl have a good gasket 
'Hd be bolted up tight. 

Timing the Engine.—Two tyties of cam have lieen provided for Wasp 
•ngines. All engines prior to No. 286. and some with higher numhers, have 
> cam which gives the inlet valves a lift of 'Vlii mch. All engines rated at 
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2,100 rp.m, have a lift of inch for hoth inlet and exhaust valves. The 
difference may he fictermined hy mcasurinjj the inlet valve lift, or by exam¬ 
ining the cam. The hijfh-lift cam has the internal gear teeth cut on the 
fhirahimin hub. while the Inw-lift cam has the teeth in the steel cam rim, 
A further difference that shcmhl hv nnie<l is in the valve springs. Heavy 
springs arc used with the low-lift cam and light springs with the high-lift. 
In all cases the correct timing is indicated by marks on the front face of 
the front scctitm of the crankcasc. 

To lime the engine, have the thrust hearing cover off and slack off the 
thrust hearing nut two or three turns. Set the valves of No. 1 cylinder with 
inch rleurancc on both intake an cl CNhaust. being sure the cam is at 
the lowest point when this is done, flow the high-lift cam, tisc O.SO inch 
on the inlet and .OtO inch on the exhaust ) This clearance is for liming 
only, Use the valve clearance gauge. When testing the valve clearance, 
the feeler is inserted helweeii the valve stem and the valve adjusting screw 
hall. The valve rocker must he lifted up hard eiicmgli to t»verci»me a light 
spring ill the tappet. .Slightly separate the teeth td the ntu hub sleeve and 
the thru.st bearing slce\e. 1‘his can he tionc hy renuo mg the front breather 
hole arni using* it to permit Insert kui of a tool to pry tfu* .slee\es apart At¬ 
tach the timing disc tti the front of the crankca'^e so that the top center 
mark i'c in line with No. 1 cylinder as shown at h'ig. If no liming disc 
is at hand, use the marks on the face of the crankcase front section. The.-'C 
will be seen when the thrust hearing cover is reniiwcd. Take (pul the screw 
plug near the fnmt breather and insert the tuning wrench st> lhal il^ teeth 
engage the intennedialc gear. Fasten a pointer to the crank.^haft or pro- 
jiellcr hub so that when No. 1 cylinder is on top dea<l center the pi miter will 
register with the dead center mark on the timing disc. 

Turn the crankshaft counter clockwise until the pointer comes to ilic 
inlet opciinig mark. Then turn the lliiiing wrench counter ch>ckwi.se until 
the inlet valve clearance is just taken up. the valve being about to op^n. 
Next, screw up the thrust hearing nnt. I.o*«k through the breather liiile 
and make sure that the teeth on the two sleeves are ciigageil ami not ridings 
on the lops of each other. After tightening the nut, cheek the inlet ojicniiig 
and exhaust chjsing again, when lunitng the shaft slowly in the manual 
direction (counter clockwise as seen from the front). After checking the 
timing, reset the clearance <»f h<plh valves to .010 inch ami see that tlie 
clearance of valves of the other cylinder.** is properly set Up .010 inch. 

Magneto Timing,—Magnetos should he set to break 30 ilcgrees before 
t()j> center when fullv ad\anced. Tci time the magnetos, ttini the crankshaft 
counter clfpckwisc so the No. 1 piston is on the compression stroke (both 
valves closed) ami the timing pointer registers with the *‘30 degree ad¬ 
vance" mark (po the front of the crankcase. Take off the magneto breaker 
covers and also the outside distributor blocks (the right hand block of the 
right magneto and the left hand <jnc of the left magneto). Remove the 
lock wires from the magneto couplings and slip the couplings hack (toward 
the magnetos) until they arc disengaged. It the spark control rod is con- 
nected. place the control in the fully advanced position. Set each magneto 
to break for No. 1 cylinder. There is a window under the forward oil hole 
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cover on top of the lOAffneto, and the figure (1) will appear under this 
window, when the ina^neln is in the rijjht position. 

If you catnicil sec this window. I here are niark.s <iii the frame of llic mag¬ 
neto aUmjjside the disirilmtor hUick. and on the hruss jjear inside. On the 
vipht si<le niairneli) two mark.s on the ^ear rrf»isitT with two inavks on the 
frame and on the left magneto one mark on each part. 1‘nrn the pear with 
finpers until the marks register nr niuil fl) afiijcars in the hlllc wiiulow. 
liolrl the gear and turn the n)apiict<i coiijihiip aroniid until it piK's into place. 
'\'ht breaker points slioidd he chise<l. hut jn.st Tea<ly in o]>en. I’lace a strip 
of ciparctle imper l>ei\veen the hreaker j»i»itits i>f each mupneto anci adjust 
each inapnelu coupling so that the pa{K'r will just pull. To do this, hold 
ihe brass pear iiisulc the niapnelo with the finpers. tlisenpape llic coupling 
ami turn it one 1 iM»th backward (clockuise as \ic\ved from the rear) and 
enpape it again Repeal this with each niapnetii until the ciparette jiuj'ier 
just heconu's loose helween the contacts. 

(*heck the tnninp hy I urn nip the crankshaft clockwise half a turn and 
comintr slou ly n)» to the firinp isiiiit. holdiup the ciparelle pajicrs and not- 
iiip the esact point at which each one heeoines hK)se Moth inapnetos must 
break at the same nioineiit. After the settinp is correct, fiut the snap rings 
on the inapnelo c<»ii]ilnips. Ihit on the distrihut<»r blocks an<l the breaker 
Covers, an<l secure uilh safely t»nis, kninoe llie innmp iniinter from the 
crankshaft, am) jiut on the front bearinp cover plate with the dram at the 
Ijotb'in. Screw up the r»»ser jdate nuts ami wire them in place. 

Running In.—After overhatilinp, the enpiiie mu.sl be run in just as care¬ 
fully as thoupb it were new. It should be run uinler its own ]Miwer for 
three to four hours at pra<hially iiicrcasinp speeds. All external nuts should 
la* examincil for tiphlness after tins periiKb Ju fact, it is well to omit the 
locking' wires from the iuitsidc nuts until after riiiiniiip m, when every¬ 
thing may be tightened and then wired. If any new lusions or cvlindcrs 
have been installed, the cylinders should be rennoeil for insja*ction after 
the rum I nip ui perir»d. if new pistons, rings f»r fieanngs have,been installed, 
Uu* engine shoubi be run in eiplil to ten luntrs and oiwratcd subse<|nently 
the same as a new ciipinc. During the first ten hours of operation in the 
l^lanc it is well to warm up the enpine gradually after each start, and to 
“top prarhially also, rather than shut <ilT siiddcnly from full speed. During 
this period the engnie should not he run wnle ^jpeii aiiv more tlian is ahso- 
hitely necessary, ami siuhlen arceleratum should be av<ii<led. The same 
I'vecaiitions apply to some extent at any time <luriug the life of the engine, 
'rhrsc measures, together with careful attention to maintaining the proper 
oil pressure anil frequent change of <nl. will rcsiiU in |M>lisjiing all niiwing 
parts so that long and tnuible free service will he reinlercd. 

Table of Fits—Wasp Engine 

When three figures are given the second figure indicates the desired fit. 
The other two give the tightest and liK»sest fils permissible. Dimensions 
i>nven in inches. Serial numbers refer to drawings at Kigs. 621 and 622. 

The letter T means light, letter L iiieuns loose. 

1. Thrust hcarini^ am! Ca<o—End CkNiraiuT.00J6 T ,004 L .0074 1. 

Z. Thrust Braring C^vrr Kiiik hiuI CaH*- Ihu .Ittl.t U nj7 L .0425 L 

3. Thrust Hearing (over ami CtNC^Uia. 00.15 L .005 1, .0005 L 
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4. Thrust Rearing and Ca^f—DU. 

.000,1 T 

-001 

L 

-0015 1. 

5. Thrust Bearing and Spaccr-^DU. 

-000 

.002 

T 

.0014 

T 

6. Thrust nearing Spacer anti Crankshaft—D ih. 

.0005 L 

-<X11 

L 

.0025 

1. 

7. Crankshaft ami Hhig . 

.0005 T 

.002 

T 

.0035 1 

8. ThrnM licanni; Sikicit ami Kc}’^*Si<lc i Ic.iranee .. 

.0(X)5 '1* 

.1X11 

L 

-1X125 

1. 

9. Craitkshaft and Kev. 

000.5 1. 

.00(1 


-0015 T 

10. Thrust RearinB SfKKvr ami Key—('Warauev... 

L 

.016 

L 

.025 

X 4 

11. Cam Drum and Spacer. 

.fXll L 

-003 

U 

.004 

a ^ 

12. (am Drum and ItuslniiK.. 

.m*s 1. 

.rXJK 

L 

.0095 

1 * 

1.1 Cam Drnnw-Kiid Clcsirtuwi*—fit in. 

.(XMi 

.(NIK 

D 

.(HHl 


14. Cam Drive Gear ami Kins. 

.001 D 

(Nil 

'1* 

.(KU 


15, Cum Ilcurmg Sjiaeer and (nrur^Du)* SkIv (’Ivar.imv 
Ih. t'am Drive (jear and ( ranksliafi^al'Mi 

.000 

.IHM 

[. 

.(HM 

9 t 

C’lim liraring S|iacrr and ( raukshaft. 

(HXi5 K 

.(Nil 

1. 

(HU5 

% 4 

17. Oil Uistrihutor Bearing Buslnng and Hrackei . , . 

.IVJU 

.(XU 

'r 

(XI4 

4 1 

IK. Krtmi Main Bearing ami Crankvhafi . 

(HBU T. 

IHKI 


.1X11.1 

»1 ♦ 

19. Frunt Main llrarnig and l.iner. 

IKII 1, 

.(XH»t 

1. 

.(XI2K 1. 

3(1. Tmiit Main hearing Lnwr and Oisr .... 

IXK 1' 

.010 

I* 

.012 

T 

21. Krunt Main Bearing l.iner ami (*»sr Hwrgr Dm 1 . 

IK12 I. 

.(Kl5 

1. 

.(MIK 

1. 

22. Crankshaft .*ind Cnunter weight Rivii . 

OOll 

ixn 

1* 

(XU 

'r 

2.1 Crankshaft and I*in. 

(HKl 

.(N125 T 

(KI5 

T 

24. Cam Dnim and ( am. 

.(XUS 'I* 

(Nil 


{NKI5 

1 

25, Oil Feed Pipe, Upper and hrackti. 

.00! 'I* 

.(HXl 


.(H)] 

1. 

2t. Oil Feed Pipe upper aial Oil J^eed Pipe kmer .... 

.(NKJ 

(Nil 

I e 

.(HU 

1. 

27. Oil Feed I*i]>r U»wcr and Oil Sump. 

.mxi 

.001 


.(KI2 

T 

28. Crankcase Main uiid Front. 

.IXMl 

.(NK 

J ^ 

.(HM 

1. 

28. Crankcase Mam and niitwer. 

.(XXl 

.001 

1 * 

.(XI4 

1. 

28. Blnwrr and Keur ('as«*. 

(HHt 

(Nil 

1 # 

.(NM 

1, 


(XXJS T 

.(Nil 5 

X « 

1X115 

1. 

«12. (^il Snmp and Pi|>c. 

(XXI5 T 

.1X115 T 

.1X125 

'r 

.1.1 Oil Sump and SiraiiH’r. 

.IXJ5 T 

.015 

L 

.0.15 

1. 

.14. Oil Sump and Pi|x* . 

1KXI 

-(Nil 5 

T 

.(XI2 

T 

.15. Oil Sump and Od Pressure 1 ’i|k:. 

dXXi5 T 

(Nil 

1. 

(HI25 

1. 

36. Cam Reduction <ienr and Uuainng -’bM I'Icaraiicc . 

37. Main Crankcase and Cam Reductnai Ciear Ntii— 

(XM I. 

.008 

D 

.012 

1. 

End Clearance . 

.00r> L 

on 

L 

.016 

T. 

38. Cam RediKtltm Gear and liiislimg^'Dia . 

(KJl 1. 

rxu 

1. 

.(Xl.l 

1. 

39. Main Crankcase and Cam KeiltKlinii (ivar liushnig . 

.001 T 

.002 

T 

-iXU 

'1' 

40. Cam Reduction and Cam ('nunierslufl GiSir. 

,(H12 U 

-(KXI 


.(HU 

r 

41. Valve Tappet Roller and Pin. 

42. Valve Tappet and Valve Tapjiet Roller—Side 

.(xm 

.1X11 

1. 

INI2 

1. 

Clearance . 

.(XIH 1. 

014 

1. 

.(UO 

1. 

43. Valve Tappet Guide and Roller—Side C Icuraiac ... 

.(HXl 

-(Kl.l 

L 

.lXk> 

i 

44. Tappet Cnidc and Pin. 

.002 }. 

.(Xl5 

1. 

.(HX> 

1, 

45. Taiipet Guide and Roller Pii>—Fnd CUMnincv. 

5 

r 

IMI 

L 

.041 

1. 

4d. Valve Breather and Valve (iinde . 

015 

(IIK 

1. 

.022 

1 

47. Valve Guide and Breutlier. 

.(XJU5 T 

-011,15 

1. 

.INNj5 

1 

48. Valve Guide and Valve. 

.(XU L 

.(H17 

1. 

.010 

1 

49. Front Crankcase and Valve Guide. 

.0005 1. 

.(NNI 


.1H11 

•i 

SO. Valve Tappet and Valve Guide. 

.(lUU 

.(HXI5 

D 

.(Kll 

1 

51. Valve Tappet and Push Rod S«<kct. 

.0(W5 T 

.0015 

T 

.0025 

'1 

52. Pvish Rod Ball End and Push Rod. 

-0005 T 

.0015 T 

.0025 

1 

53- Push Rod Ball End and Pip. 

.009 T 

.(NX) 


.014 

r 

54. Push Rod Tube inner and outer. 

.002 L 

.004 

L 

.006 

i 

55. Cylinder Head and Valve Scat. 

.0065 T 

.m 

T 

.0095 

T 

56. Exhaust Valve and Valve Guide. 

.005 L 

-OOf, 

L 

.007 

i 

57. Cylinder H«ad and Valve Guide InlH and Kxhau«i 

-0005 T 

.0U2 

T 

.0025 

n 

.S8. Cylimler He.id and Push Rod Tulie. 

.020 L 

.010 

T- 

.005 

‘I 

59. Cylinder Head and Rocker Cover Dowel. 

.001 1. 

.UM 

L 

.007 

I 

nh. Ink ( Valve and I.<ock Knd Clearance. 

.(Kll D 

.(NM 

L 

.067 

I 
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61. Inkl Valve and Valve (iiiidc.. 

62. Pistoji and Cylinder Sleeve (u|>i»«r). 

6J. PiMon and Cylinder Sleeve <l<»sTr). 

64- Piston Pm ami Ping . 

65. Master lio*] and Hiislnng. 

<i6. PistcHi Pin athJ RikImur. 

o7. Piston and Piston P»i . 

Cytinilcr SU*eN*e and Piston I'in PIub* '■Knd CUarain'o 

<^K Main Crankcase anrl (ylmdcr Slei'^x*. 

70. ('raiiks|i.*i(| Knmt and Onnkshafi Pear—T..irpe Uia 

71 Master Kocl and PiMrinR. 

72. Starler liear and Sn.uvr. . 

7.1 OanksbaU Pront and Ucanng . 

74 Cniiikslia(( and llo.*ir(n6 -Knd ( . 

75 Cranksb.ift Rear .ind I'oU . 

7i) Anmdaicd KimI Pm and Master Kod. 

77 AriiculaUHl Kful I'iii anti Phut. 

7K. .Master Kofl and IhidMitc ^Knd C'Jenrantv. 

70. Arlirul.itcc] I*^id aiul Master RtxC-Pnd < loaiaitce 

g(l. Master Rml am] Articukitt'tl Rod Pm. 

K1 .Articnbted Rod J*in .nid Ihishinp. . . .... 

K2 .Anleuhkied Ki»d and Jlii%liniK . 

K.1. Roar .Mam Rearing and Liiht.. . 

54 < rankshali and .Main l•t'arll 1 g•••Ue.lr 

55 Mam IkMnng Lmer Rear and t'mnkcjse . .. 
K<i Mam iW.arnig l.invr and Pin 

Kn ]'dower inlet rmHlinie (<e.ir and Slult .. 

liitermiHliaic <icar Sliaft and Hall Ileumig . 

‘^1 Blower Intermediate C age and C'aM* Small Ihu 
Blower liiiermeiliufe t.igc am I IktII Uc.tnng 
'M, lilt>wcT Iniennetli.iie .slmff and S|*accr 
'*4 Blower InternHfliau* < aee and Cjim*— l-arge Dia-.-- 

05 Blower Bearing (‘ovit aiul C.ise ... . 

^^ 1 . Oil Serwn Ferrule .and Case. ... . 

*^7 Blt‘wer Slvafl and Hall Bearing. . 

•JK Blower .^sluift and Slinger.. . 

Blower Sluiff Bearing ( age and ( ase . . . . 

IlH) Blower Sluift Be.anng Cage anti Ball Bearing 
Ud Bk^w'cr Shah and Impeller SpUiK’ Kit—('tutside Iha 
Blower Shaft aiul Jni|»'lli*r Spline Fit —Inside Dia 
Blower Shah and liu|«vllcr Spline fit^Wiclth... 

102 BlnwTr Shaft ami Jaw' Spline—flntsidc Du. 

I0,t Blower Shaft and jaw Spline—Inside Pia . 

BM Bluwcr Shaft and Jnw Splinc—Sidc Clraranee. 

hi5 iBowrcr Shaft and HuMitng. 

MKi Blower Shaft and Ball Rearing. 

h^7 Blower C'ase and Ball Hearing . 

KW. Blower (*asc and Disclurgc Plate. 

Cranksltaft and Oil Shngcr. 

ilO Blower Ca&c and Starter—Shaft Bushing . 

Ml Rear Case ami Sl.arier -Shaft Biishmg. 

'12 Rear Ca.se and Starter. 

Rear f‘a«* and C.irlniiclor Hlhtm Cover. 

114 t yliiKirr He.ul and Rocker SItuh Ball BiMriiig.... 

115 KtKker Shall ui«l Ball Bearing. 

'Id. Valve kiK'ker and Shah (Oiainclcr). 

17. Valve Rricker anrl Shaft—End Clearance. 

118. Cylinder Head and Rr»ckcr Rearing Cover.. 
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119. Rocker Bearing Cover ami Bolt. 

120. Gun CiJniml Gear and Pin . 

121. Gun Conirol Cover and Niif. 

122. Gun Coiurol Gear and Nnl. 

123. Gun Control (icar ami Ball Bearing. 

124. Cim Cnniro) i\tsTT amt ktsir Case. 

125. Gim Cunirol Cover and lial! BcaniiK. 

126 M.ipicln Advnnec—Vukc and Pin . 

127. Oil Puni|» F.ml Plate and HfKiy. 

128 011 Pumir IltMly and Bear CaM*. 

129 Oil Piiinji IIckI}* and Oil Pnint* Prcssiin* Bmly ... 

1.10 Oil I'mnp Dnvu (U-ar and Key. 

131. Oil Prcs'ure (ii-ar and Key . 

132 Od Suetirin Idler Gvar and Body—k*nd ('Irar.iiMt* . 

133. Oil Pinnii Drive Gear and Oil I'ninp idler Shaft in 

Od Pnmi> Kill! Plale .. .. 

134. Oil Pressure Idler <»ear and Od Mlci Smiu« (iear 

in Oil Pninp Body and Oil PnMi|i rn*«snre Bmly 

135. Hear ( aM* anri iK.wel. 

136. Oil Piinifi T'resMirr Ihxly ami Ih^wrl. 

137. Oil Piitn|> Idler Shaft and Oil Pump Dri\T Gear in 

Oi) l*nnii», Prevsure (h-ar and <hl Pn*Nsnre Jhimp 
Idler (M'.ir . 

138. Oil PniiMire Idler Gesir and Oil Pm up Ptessnre 

rW»Uy-ICnd 1'lea ranee. 

139. Oil Pressure Relief Bmly and Plunpef . 

140. Tachuineier Dnve ftear and l<«ar 

141. Taclumicier I hist firar Kml ( learanrr 

142. Taeliimieicr Drive (mar and lii'^eri 

14.1. Tad Ml meter Unve (»ear .^l^d Cmitdini*. 

144. Taehniiieirr Cnnptiiiii' and Rear t .isr. 

145. MuriicIu Drive Oar and Sliafi 

146. llluwer Case and Magneto Drnr IIusUmic SImrt. 

147. M.’ignetn Drive Shaft and ftiivinnirx 

148 Blower (*ase and M.irikIo Drr^v Bnslimcs—L «>*ir 
140. Rear Case and MuKneto Drive BiisIiiuk—O tiiR 

150. M.iRiiein Drive Sliatl and Fuel Pninp and Gun 

t onlrol Drive (iear. . 

151. Fuel Punip Drive Gear and Unekel. 

152. Rear Case ami KnrI Pump Dnve pRukH . 

153 Rc.tr C.ue and MaKiieio PKjwtd , 

154. (inn Control Bushing and Bear (*ase .... .... 

155. Gun Control Bushing and Gun ('oiitrol and Tach<ifn- 

eler Drive fn*ar. . 

156. Key in Ktiel Pump and (iun Control Drive fk*ar.... 

157. M.ignePi Drive Shaft and Ke> . 

158. Fuel Pump and Gna Control Drive Gear and Key - 

Top Cleaiance . 

159- Magneto and Dowel. 

160. Rear Section Pressure Pipe in Rear Case—Copper... 

161. Oil Pn*ssorc Pi|>e R«ar and Rear Sctimn. 

162. Rear Sccluni Pressure Pij»c in Fienr Case -Ijnv«*r... 

163. Oil Pressure Pipe Bear and Blower Section .... 

164. Blower Sk\nion Oil Pressure Pi|>e and Braekcl ... 

165. Stctl Prupcller Hub Snap Ring and Protiellcr HuW 

Side Clearanre . 

166. Crankshaft and Propeller Hnl>“Side Clearance.... 

167. Crankshaft and Profieller IluH«<4)idside Dia. 

168. Crankuhafi and Prtipcller Huh—Inshle I)q . 

169. Propeller Hub Clamp, Female and Mead Pm. 


.000 

004 

L 

.002 T 

0005 1' 

001 L 

005 

L 

.0013 L 

0025 L 

.0005 T 

DUO 


.0005 T 

001 

L 

fKKk> L 

001 

L 

.000.5 T 

001 

L 

000 

001 

L 

.(KNl 

002 

L 

Am 

(Hd 

1 . 

(K)l T 

0005 

1. 

.001 T 

0005 L 

.(Nil L 

IMG 

1 . 

.001 1. 

<XI2 

h 

005 1. 

(KI7 


.000 

0015 'I* 

.000 

0005 

L 



T 

.0005 

L 

.001 

t 

003 

1. 

002 

L 

m 

L 

not 

I, 

002 

L 

IKII 

1 . 

Olo 

L 

INHIK 

r 

0(12 

T 

001 

1 . 

002 

1. 

.(XMI 


002 

L 

(Kll* 

T 

mi 


.IMXI.s 

T 

002 

T 

(Kll 

L 

(H»2 

1, 

0005 T 

on(j.s 

L 

.IKHI5 

I* 

ml 

'1* 

0(MI5 T 

m 


INII 

1 . 

002 

1. 

.000 


IK11 

L 

.11005 

'r 

0015 T 

.001 

T 

002 

T 

(H)| 

h 

002 

T. 

.0005 

L 

(XU 

L 

.001 

T 

OiX) 


.007 

L 

.012 

I. 

.000 


.001 

I. 

.000 


.0(11 

T 

.000 


,001 

T 

nOO.4 T 

002 

T 

ooo 


0005 

h 

0015 T 

.001 .S T 

001 

L 

.004 

L 

(lOOS 

r. 

.001 

D 

(Kl5 

L 

010 

L 

.001 

h 

.010 

L 

m 


.001 

L 


-009 L 
-004 I. 
.009 L 
.0037 L 
.0003 t 
.0025 1. 
.002 1 . 
.0025 1. 
.004 I. 
.002 L 
004 1. 
001 1 . 
.003 1. 

m 1. 

.Oiu D 

. 00^1 1 . 
,011,1 T 
.(102 1. 


.(K115 L 

.005 I. 
.OOf, L 

m 1 . 

.025 1. 
(in,i8 T 
.0(13 1. 
004 1. 
0(11 1 - 
.0025 T 
00.1 U 
.0015 L 
0025 r 

.0025 I- 
(K1.1 L 
OIM 1. 
0025 I* 
.003 T 

.003 1. 
.003.5 I 
.002 L 

.017 L 
.003 L 
.002 T 

.002 r 

0025 T 
.002 I. 
.0045 T 

.007 1 
.0035 t 
014 I 
.015 I 
.OCkI t 

















HORNET ENGINE DESCRIPTION 


1317 


170. Crankshaft Rear and Crankshaft Fn>nt—Small 

171 Oil Feed Heanng [trarket l>oweI in Main C^nnkcasc 

172 Oil Feed Bearing Bracket and iXiwel. 

I7.k Blnwer Shaft and Sparer. 

}74. Blower Shaft Ball Bearing Closure and Blower 

Shaft Bearing Cage. 

17S. Blower Init*c1lcr and Case (fit lo .015 to .020*) 

\ 7 (k Mapiclo Urtvr Cover ami Rear Case. 

177 Magiieti* Drive Oil Shield and Rear Ca>e . 

17K Fit at A*isernl>ly to .OOR* Eml Clearance 
17‘1 Fit at Assembly if necessary 
I Ml Fit flush at Assembly 

il5 Rear ('rankciisc and Gtiieralor Support and fwner.itor 
Jtu Oeiierator Drive Cwar ami Ball BearmR ID . ... 
217 <ieiicra1(»r Support and Ball Be«iring (>1> .. .. 

JIK (jencralur Suppfiri and B.ill Bearing Fml Clvar.uiee 
21 <1 (ieiieraior I'liiion and Starter Ck*ar O.D . 

220 flciierator Pinion niwl Siarter <iear ()-T>. 

221 Uencralor Piuinn and Starter Ciear Width. 

222 V'alve AdjiiMiiig Screw and Plug. 

22.1 Blower Drive <»ear Bush mg ami (iear. 

224 Blower Dnw Cwnr Budiiiig and Blowtr .. 

225 Valve Biwkcr Bcarhn: Bo'*hhiR and Cvhiider Mead 

22i> Vah*e Murker and Cnji. 

227 Fhating Blower Drive Gear F.nd Clearance. 
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Description of the “Hornet” Engine.—The Pratt ^ Whilney ''Hornel'* 
engiiu* is tif the .•^atiie general <lcsigu as the **\Vas|)** luii larger. The 
"liiirncl” has nine radial cyhiulers «tf 6Hi itich Imre and 6>|i inch stroke. 
The oulstanrllng features t»f the “Wasp” arc also emliodicd in Ihc “Hornet” 
and iijclinlc a one-piece niasier ctninccling rod, two-picce crankshaft, forged 
diir.ilnniln crankcase, enclosed valve gear, l)iult in supercharger, and the 
groiijdng of all accessories at Ihc rear. The propeller encl is shown at Fig. 
<i37, the main tliuiuiisions in llie a''.senildy drawing at Fig ^38. 

Interchangeability with “Wasp.**—The design of the “H<)rnet” engine 
o such that 87 per cent of the parts used in it.s construetton are iuterclt.ingc- 
-il’lf vvilli the similar parts of the “Wa.'Jp” engine. Tlte rear half of the 
' iiumc an<l all acccssoric.s hut the starter arc idciilicallv the same as those 


kmmI on tlie “Wasp.** In addition to these, the .smnp and many of the small 
viignie )>arts arc inlcrchangcaldc. This system of con.striiciion has the 
liiglily (lcsiral)le result of reducing the (jiianlily of parts that must he car- 
ud in reserve where both the **\Vasp*‘ and “Hornet” engines are used. 

The main crankcase, no*ie section, crankshaft, cam, pistons and cylinders 
' 1 C larger than the correspondiiig “Wasp** parts. Tappets, breather and 
'•‘•nie of the flush r<Kl cover parts arc the same pieces used on the *‘Wasp'* 
'*nt the tappet gni<les, valves, and valve springs arc difTereiit. A larger 
' 1 XC of starter is used and the carburetor is etfuipped with larger chokes. 

Installation.—The s,ame considerations apply to tin* mountings of the 
Hornet” engine as to the “Wasp” and reference should lie had to the notes 
n the chapter to follow on installation of similar engines. On account of 
he large size of the “Hornet** cylinder, free circulation of cooling air is 
••^sential and the cowling must he so constructed a.s to exjiose all of the 
ylindcr head casting and at Iea.*^t a pan of the cylinder barrel. Tliere 
hou1d be no large diameter cowling or exhaust manifold immctlialcly back 
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of the engine to ohstrucl the flow of air away from the engine. It is alsci 
desirable to have a good circulation of air all around the crankcase of the 
engine anti aroxmd the oil tank to as.si.st in keeping the oil cool, A three 
bladed propeller should he used. 

Operation.—Refer to instructions previously given for operation of 
Pratt & Whitney engines. These at»ply ctpially to “Was]>” and ‘'Hornet" 
engines. An atlditional precaution is necessary, however, it) the case of tlw 



Fig. 637^Prope11er End View of Pratt db Whitney ^Hornet*' Engine. 

latter owing to the larger size of propeller used. Do not operate the engine 
at ftill throttle on the ground longer than necessary to check the inaximiuf 
speed. The effective part of the propeller blade is so far removed frau> 
the crankshaft that insufficient cooling is provided for the engine while tlu 
plane is at rest, although the installation may be perfectly satisfactory whiV* 
in the air. 

Inspection.^The same rules apply for the “Hornet” as for the “Wasp/' 
The valve clearance when cold is .010 Inch for both inlet and exhaust. Thv 



HORNET INSTALLATION DIAGRAM 
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sectional diaf^rams at Fife 63^ and 640 arc the key drawings to the clearance 
tables that follow the specifications. 

Overhaul.—The list of tools for assembling and disassembling Pratt ^ 
Whitney engines has been given on preceding pages and complete inslruc 
tions for overhauling both types of engine. The instructions arc written 
to specifically cover the “Wasp'* and the following points of difTerence 
should be noted when working on the “Hornol** engine; The wood block 
whicfi is placed inside the cylinder to facilitate handling the valves wilt be 
twelve inches long. 

Timing.—When timing the “Hornet** engine, set the valves of No. I cyl¬ 
inder with .0()2 inch clearance (oil both inlet and cNhaustl, being sure that 
the cam is at the lowc'^t pcanl when lbi> is done After tins procec<I ;s< 
described for the *'\^'asp*’ engine .After completing the linung operation, 
set the clearance of all valves to 010 inch. 


"MDKNKr* SPFCIFfCATIONS 


Model . .R1690 

Ratine (Military) . 

Ralc<l Vi AWT ulojK'il hull .52S U\* 

Rated Spivd . rpm, 


Rating (Commercial) 

Fuel t^radr I! Aoahnn tdis •»! Hp pr. .<iK2 <ir 

less 

Rami ]\>Kwi ..sail Up 

Ratc<l S|wl .l^K> r p m. 


General Foim 

Cylinder arrauuemrm 
Kumher uf i')]inilcc> 
(*o«»lnip . 

Ii<iw Stri»kc. 

Pistnn Displaiemriit . 
Comprosiiiii ratio . . 


.Knduil 

. .. 

.Air 

. 

.0.175" 

.500 1 


Overall dimensions 

OuVsidv IKimHtT . 

Miainiiop Udt circk* di.im<*UT . 

Total Icnirtli . 

Length hnrk of m<niiiTiue. 

Distance from ni«»untinK to C. L. of propeller 


.54'V' 

. 

. UIV 

.25ii" 


Crankcase 

Material 
No. <d sections 


Alumniimi 

5 


Crankshaft 

Type .Single ilirnw, 2*picre 

Main DrariiiK^.Fall or roller 

Thrust BcariiiR .Hiill t>pc 

MsMcr RihI . 


Type .f^*ie piece 

Form of shank .I —section 


e 


I4nk Rods 

Form .... 


1—section 
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Cylinders 

Harrel . 

Head .... .... 

fins . 

Valves 

NiimfKi \K‘V evliinW 
.Malerial. iidH . .. 
Matei nil. ckIuium 
l.ilt, inlvl 
l.iil, exluitiHi 
Dotmiw' inlet jh*ri . 
IhameU'i c.^lejuni ]*iii . 

Valve Timing 

Inlet Mpeiiv. 

InlH i losi s 

fi'x1i.'Ui'*l i - , 

Valve Springs 

N’lmiluT |Ki valve 
I nnii . 

Oil Pump 

*rv|ie - . 

Nuinlier 

< )d pre><uu . 

Magnetos 

M.ike . ... 

\iiinliei . 

I y|K . . 

'riniiia' < lull adv.iiu ed> 
nir<Tii(*ii m| n>tatiun .. 

Sparkplugs 

‘l yi»' . 

Thread. 

Tachometer Drive 

I >|ir . . . 

VutnhiT . 

KcitiUJirti . 

S|Hvd. 

Supercharger 

Make 

J>1»‘ . 

Carburetor 

Make . 

I > !>!• 

Numlnr ui lurreU ... 


.. ..Sleel 
.Aliixninum 
. ..Int«*gral 

...2 

, . SilebrniTic t>r 'J'nnsslen 

. .A' N S- 

. \r 

M fi 

>1 

^ % 


H)" early 
(At‘ l.de 
7r early 
..?r late 


Hrlicul 


p 

. .. ./.'»• I(M) lbs. 

Seintilla 
> 

.A<; n.D 
M)* 

l hnkwise 

1* <(. Harriet Mo. 4 
IK ni/m. 

.AS. Standard 

P 

« « • w 

.1 MUiUiT ek»rk\vis€ 

.' rrankdtaft 

.(ien KIn-trie 

.... t eMlrr 1 iiL;al 


,.. SlTi»mlH*rg 

.. NAY-7A 
> 


Carburetor Setting 

rhe lest t(i|! slK>et stnppnl with each engine gives details 
id jet and eUike sues h*r tlie indivHdual engine. 

Standard Equipment and Weight 

Weight oi Hiiriiei, wnh magnetos and carlmretor, bnl 

no extras .lbs 

Tlie aiTcssories arc shipixd with euvh engine: 
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(weights tKX inchwli'cl in ali«*ve) . 

Starting Magneto < Dimr ](KJ^ .H..1 

Primer . ^ llis 

Magmio Switch ... n Ihs 

Hc.iler . .. .lOOlha 

Tin>\ Kil . II *> 11 ». 

Additional Equipment 

The foUownng acr<’N»*irii*v can Ir MipplHsI 

r«d Pump (C*5 lyjie). 27 Ihs 

Ihiiid Sl:irU’r ( 'I yix* IM iiH’IihImiv crank fhs > 

ProiH’Ucr IliiU for M.iik’s. .. ..'Mf* lh«. 

thin (iHilrnl Uri^c. \|ii'ilh**!. 

Shipping Data 

Uveiatl vi/v i.\ U,x . ... . ..r.*!" s nr ^ 5/' 

WciKhi, .. . ...l.tUMhs apiirHsrrrialc* 

Table of Hornet** Engine 

When throe Hj;tiros are given the socoml ngiiro intlicatos tlie <lt‘siiu‘(1 fit. 
The other Xw** give the tigUlosl ainl ltiMs<\si lUs |»onitjssi|»lc. 1 )iitioiisi<>iis 
given ill inches. Serial mimlnTs refer in tiruuings. Kigs, uinl <>4() when* 
llie jKirtR roforrotl In arc *losigiialo«l hy key nnnilH*rs, h'ln* example, tin* 
crankshaft key is tloHignateil as No nn ‘Irawnig h'ig. (kV). The kcv can 
he fivO'leiiths i»f iiiie tlinnsninlth nf an inch ItKise or one ainl inie*lia1t 
ihoiisainhhs of an inch tight The »lcsire<l fa »s exact, neilhei tiglii nor 
loose. 
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C.iTti 1 Irum ai i<l SfKurr.... . 

001 

I. 

rxM 

\. 

.(KU 

i. 

13 
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Prrjiit Mam nramip I.iikt ami 1 .ee. 
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Crankshaft and tN^uiiicrwi'iRhl KivH. 

.0(HI 


(HU 


.002 
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23 

CVaiikshuft and l*iii . 

.IKNI 




(K»5 
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24 

Cam hnim atnl Cjiii 

007 

'I' 

.IMH/ 


.011 

•| 

27. 

Oil Fml Pijw l<»W'cr and Oil Siieip 

(KHI 
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T ^ 

.002 
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28. 

Crankcane Main an<l H>( w*<'« ... 

.(HHI 
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1. 

(HU 

1. 

28. 

Crankcase Mam ami I'rnii. . . .. 

(NHI 


.001 

1. 

.(lU 

1, 

28. 

Hluwcr and Hear i*a<i. 

(HHI 


(HU 

1. 

(HU 
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31. 

Mam t'runkcH'A' ami Ik ill .... 

IKHI.> 

'I* 

(II l.^ 

i. 

(KI15 

1, 

32 

Oil Sump aii<[ . 

(HRI5 

‘r 

(hm:^ 


(HI2S 

1 

33. 

(hi Smii|i and SirwiinT. 
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Cam Rrducimn tivar and lli)*>hmn—h ml i h.i.cH 
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37. 

Main CrankcaNC and C.'im KcflirlNiii t car \it 








End Clearance . 
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1 

38. 

Cum Hcduclimi («r.'ir and IhiNlii lu—1 >m. . 
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4HI2 
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30. 

Main Crankcase and Cum Rtilu.'imn (tear lUivhn*/.. 
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40 

Cum K6<luction—and Cam Ci»uiitcrs1uifl (irai. . . 
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Valve Ta|ipu( and Pin. 
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41. 

Valve Tappet Roller and Pm. 
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42. 

Valve Tappet and Valve Tappet Roller— 
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V’alvc Guide and Breather . 

•W Valve Guide and Valve. 

i'roiit CraiikCflM'ami \ dive (imcle. . . . . 

*“ Valve 1'ai»jK*t and Valve* tiuitle. . .. 

I Vdlvc TaiJfH'l and l*«>li R.mI . 

Push Bod Ikill I'ml and Piisli Htn] . 

Pudi R.kI liall Knd and Pin .. . 

Pgsli Rod Tul»e inner and outer. 

cv Head and Valve Seal. 

Ja* ?y^**'*^*^ Head and Valve Guide—Inlei and Pxhaust 
W, Inl« Va<ve and Lcx'k-Knd CWaram-e. 
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61. Inld Valve and Valve Guide. 

65. Master KrKl and Wiivhjng. 

66. Phi and Kndi ny. 

68. CyliniliT Sleeve and WsUtu I’m Plot—Knd t kafjintr 

69. Marn Crarikd*<e ainl ( yliridiT Sleeve. 

71. MaMcr Rud and Bearini^... 

72. Siarter Gear and Spicvr. 

75. Cmnkvliafl Rear ntirl n»dl . 

76. Artirulaiwl Rnd Pin and Master R«kI. 

77. Ar1iculalc<l R»*<l Pin and Pine. 

7ft, MaMcr Rnd and hnslnnc—Krid Clcnr.iiHc. 
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AI AsM*mliiv 



Diagram of Fiu ~ "Hemec'* Engir^e 


Pig. 640. 


*Key Diagram to Accompany Table of Pita for '*Hornet'* Engine Pari: 
Included in Aeeeaaory Drive Section. 
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79. ArticiiU*«l Roc! and Master Rod—Fjid Orarawc_ 

KU Master Rod and Articulated Rod I'iii Did. 

81 Articubied Rod rin am! UiTshiriK. 

K2 Artindatod Rod and Itudiin**. 

KJ Rear Mam Bcariim and Liner. 

H4. ( rank.shafi and Main Bcantif:—Rear . 

85 Main BeaHnjf Liner Rear and t.^rankcasc*. 

iU> Main Bearing Liner and Tin. 

80 litower IntcritiednUc t»eaf and Shah . 

OU Intel mediate Gear Shah and Ball IWarniK— 
inside Dia. 

01 ni^wer lMlermr«liai<* t .me and taM*—Sm.dl Dw . 
oi Hl«»wer Iniemiciharc* 1 aue and It.dl l•iarlnt:~ 

Outside l)ia . 

O.t Ulfiwi't Iritvrrtu*»lia 1 t S!ull and S|».iCci... 

04 (ilowcT liiUTnu'di.iU* last’ .iiid ( •irKr Ilia 

05 flKmiT Hiariiitf ami last*. 

••(t Oil Scrmi Ferrule anri Cast*. 

o7 Llower Sluft an<1 U.dl llr.innu. 

08 jilowin Shaft and Simmer. 

Tllowvr Shaft Uearniu t and t.isi. . 

UXt Hlnner SImfl I'eiirmu C.me and hall tWarmt; 
lid hlMwiT Sluft and Imtnllrr Sidine hit-Out side Dm 
hlowcT Shafi and hiiii»dkr Srdine l‘ii —Inside 1 ha 

l>K»wer SItaft and Imtndlcr S|ilinr hil—Width. 

Ili2 hliascT Shatt and Jaw SidiiH'^^t hit side 

Kl.l IlKnviT Siiaft and Jaw Sidiim—Sidr t lear.incr. 

In4 Illowrr Slwft and J.iw S|ilme—Side t le.ii.iiHe 
105 hlmver Shaft and llushiiiKs ... 

liNk fllckwer Siiait and Hall lie.irmt*. 

lor hlnwer ('as«' and fhdl HeiiniiK . 

108 lilov^er C ase and lii^Hurui’ Jiale. . 

IHI Uliiwer ( asc and Starter Shaft ami huslnint. 

Ill Rear i ase and Starter Sluft hiishiim . 

II. Rear ('.ih' and Slarler. . 

) l.l Rear Case* and C’arhurctMr Kllunv (*i»vtT . ... 

115 Rrnker .Shaft and l>all healing. 

Ho, \*alve Rm'kcr and Shafl^Dia. 

H7 Wilvc RiH’ker and Sluft —ICnd < learamv ... 

HK (‘ylnider I lead and Rr4kcr llearinis t'<isi*r. 

I to l<«'Urr UeainiK C over and Ihdt. ,. . 

140 (inn i’ontrol (»ear and i’in. 

141 fiun Ccmtrnl Gjvct and Nul. 

144 titiii l iiDlrtd Oe.ir and Nut. 

I M. tiiin { nil I ml (tear and Ball Bean in* . 

LM (jiin 1 nntro) Cover and Rear i'asc*. 

145 <hin Control (*n\er and Rail Heanne. 

Mouinto Advance' V(*kc and Ihn. 

>47 Oil Pump Hi id Plate and Hculy. 

'-‘8 Oil Pump IltKlv and Rear (*aso. 

Od Pump llmly and Oil Pump l*re>sure IkKU ... . 

^’fl Oil Pump Drivr Gear and Key. 

h Oil IVessure Gear and Key. 

L* Oil Suet inn Idler Gear and Body—ICnd (Tlcar.mee ... 
’d Oil Pump Drive Gear and Oil Pump Idler Sluft in 

Oil Pump F.iid Plate. 

’•*. Oil Pressure Idler Gear and Oil Idler Sin turn 

Gear in Oil Pump BckJv and Oil Pp. PreMure B-»dy 
•'5. Rear Cav and Ihwel. 
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336. Orl Pump Pressure Bcxly auil Dr»wrl... 

137. Oil Pucnji lUler Slufi aiul Oil Pump Drive Oear m 

Oil I’ump Pressure (icar anrl Oil Pressure Pump 
Idler < rear. ... . 

138. Oil Pressure Idler Dear and Oil |*ufn]> Pressure PihIv 

•^RnJ nearajjce. 

139. Oil Pressure Relief li(»d>* ami PluiiK‘’r. 

140. Tach«>meier Onvc Ge.ir aiul Rear Case . . 

141. Tachs'imcicr Drive Gear-—Kml Clearance. 

142. Tacliomcler Drive (ivar ami liisrn. 

143. ‘raclK^mcicr Drive (jrar ami iouphi ik. 

144. Tarlnmieicr C»»upli*ur ami Rear Ci«*. 

MS. Mauniio Drive 4*rar aiul Slwft. 

M6. Blower (*.is4* and Khijriiett* Drive lSusliiuk;>*-SlM>ri. .. 

147 Mumivin Drive Shalt and hushmcs. 

MH Blower Cane ami MiKtich' Drive Rusliiii^—1 .*mii:. .. 
M9. Rear Case and MaRncin Drive nushinu—1^ n« 

150. Magneto Drive Sliaft and Fuel Pump and Ctuii 

trol Drive Ocar . 

151. Fuel Pnmp Drive ficar and Urarhii . 

152. Rear Case and Fuel Pump Drive Bracket. . 

153. Rear Case and Magnelii Ih'wel.. 

154. (fun Ct>nir<4 Busimii; and Rear Case 

155. (iun Control nnshhiK and Ouii Cinitnd and laclMin* 

eler Drive (iear. 

1.S6. Key in Fuel Pump atiO Dun imitrol (jeai. 

157. Matfueto Drive Sliaft and Key. 

158. Fuel Pump and (lun Cmiirol Drive («ear anil Key • 

Top Clearance . 

159. Magneto and Dnwel. 

Kifl. Rear Section Pn>Mire Pi|ic in Rear Can’—I’titHT 

161. Oil Pressure Pi|ie Rear and Rear Secimit. 

162. Rear Section Pressure Piiic in Rear Case—ja*\vs*r 
103. Oil Pressure Pj|h? Hear—Hkiwcr Secinni 

164. Blower Scclic.n. Oil Pressure ih|ie ami Bracket 
171. Oil Feed Bearing Hrackel Dnwel in .Main Oankc.isc 
172- Oil Feed Rearing Rrarkrt and l>»wel. 

173. Blower Shaft and Spacer... 

174. Blower Shaft Ball Bearing C.'lo^ure and Blower Shaft 

Beaniig ( auc. 

175- Blower Impeller and C'ase .- . 

176. Magneto Drive (*<«ver and Rear t ase. 

177. Magneto Drive Oil Shield and Rear Case. 

178- Kit at .^s^cmhly to .008" Fnil Clearance 

179. Kit ut Assembly if necessary 
ISO- Fit flush at Asss'mhiy 

181. Crankshaft aiid Plug. 

182. Thrust Bearing and C ase—Dia.'. 

183. Thrust Bearing ami Case—Drx. 

184. Thrust Rearing Cover King and Caw—Dia. 

185. Thrust Bearing Cover and Case. 

186. Thrust Bearing and Case—End Clearance. 

187. Thrust Bearing Oil Slinger and Kut. 

188. Cam Drum and Bushing. 

189. Oil Distributor Bracket and Bushing. 

190. Front Main Bearing and Crankshaft. 

191. Front Main Braring and Liner. 

19Z Front Main Bearing Liner and Case—Lirge Dia... 
J93. Oil Fwl Pipe—Upijer and Bracket. 
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Crankslaft and Bearing—J’.nd Geantnrc. 

I‘^3. Crankslmft Fnmt ai« 1 Bearing. 

\%. Crankshaft Rear ami Cranksiufi—Small Ida.. 

V)7. C^ank^llaft Rear and Ciaiikvhafl^Larcr ])u . 

ViS Pibtrm Pm and Ping . 

Pi.Hlon and Pislim Pin . 

JiiO. Pistim and Cylinder Slorvc—bmer. 

21)] Piston and Cylinder Sleeve—Cpjicr . 

KxiwnM Valve and V.ilvc <niidc. 

jIM lixinmst Valve and Ping. 

21)5 Cylinder Head and Koi'ker Shall—Ball Re.irint* 

2(K). (*am Rearing Sparer and Kniu- 

JII7. Cam Hen ring Sparer and Ring—Kig Knd Clear.iiue 

318. CranksliaM anil Pri»])cller OniMik* Du.. 

3W- Crankshaft and Pro|»'ller Huf>—lii'.idc ihu . 

211) Crankshaft ainl Pri^iKdler 1lni>—Shlc dcmaiire . . 

211 Cninkshafl and Pn»pellrr niil>—TcnUTing Cone ... 

212 IVnpfllrf Muh Cbmp—Male and Kemali'—Srtle 

(karanre. ... 

2LV Prniiellcf Huh Clamp—Male and I'emale and Pm.. 
2U. Propeller Huh Clain|v—Male and Kimilc and Roll 
215 K c a r (*rankease a ml (»cneral i ir S upin »ri a m I (m ktuIi • 
2h». Ceneratnr l)rive (*car and Hall Hearing I LX... , 
217. (imerator Support and Rail Kcaniig 0 1). 

2)8 (icnerator Slitixirt and Rail Hearmc—Pud Clearanci 

210 CTCiicratnr Pinion and Sun it (tear—C))). 

Generator Pini<ni ami Starter ticar--l1). 

221 Cencralor Pmmn and Slarler (»ear Widlh. 

222. Valve .^djn^ttng Screw and Ping. 

22.f H lower Drive Gear Rush mg and (iear. 

224 Blower flnvcr Gear Rushing and Blower. 

223 \'alvc R«K*ker Hearing Rnviung and Cylinder Head. 
23i \alve Rocker and ( up .. .. ... 

227 I*heating Blower Drive Gear—Knd Clearance. 
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OHKSTK^NS Fdk l<K\ IKW 

I AVIml Is the d iff ere nee hetwerii “Wasjr and **HorneC' .\eio engim'> 

2. What parl^ arc interchangcahle on these engines? 

3. What is the coiisirnclum of the *'Wasp" crankshaft? 

4 Onlhne pniK'r opcraiing c*niditn‘ns mignu’. 

5. Why slionM iicu engitic he run rarehillyr 

(t, Wliiil iMits of '*Wasir engine iiec<l iwriiKlic iiispei Hon.' 

7. When IS a ‘l op overhaul needed? 

H I low are “Wasir valves rctinnrd^ 

llo\\ IS the accessory sceiimi dismantled? 

10. Describe checking and adjustment of blower drive clutcb* 
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CHAPTKK XXXX'I 


MISCELLANEOUS AIR-COOLED ENGINES 

Lorraine Aviation Motora—Wright '^Tornado'* V>H56 Engine—-Cameron Fixed 
Radial Type Aero Engine—Curtiss Challenger—The Walter Castor Engine^ 
Bristol Jupiter Engines—Bristol Reduction Gear—The Salmson AB9 Engine— 
Menasco-Salinson Model B2—Curtiss Chieftain Engine—Study of Various Engine 
Types—Nine Cylinder Single Row Radial—Fourteen Cylinder Two Row Radial 
—Twelve Cylinder Vee—Twelve Cylinder Hexagon Type—Armstrong-Siddcley 
'"Leopard" Engine. 

Air-cfM>lc<l a\iali(Mi n 1 l»tllr^ an* inatlc in mam* t\in*s aiul j?i/i*.s. and n<'\v 
nnalols an* annuinirnl i*ri»in linu* \t\ liiiu- so ii will In* a]«]>arenl Ibai 

a coiisideration ami of all ivju'.s is out of the (juesliitii. The lunv 

(lesi^niv ojTrrcd <lil)rr nnlv in inatlcTv of niiiior drtad from llu* older tvpcs 
Kor this reason srnm* ty|ucal moinrs have hcen selected from the lar|;e 
mimher availalde and in \icw of ilir railior conijilcte descriptions ;;iven ni 
other chapters <»f llm ht^ok of varimis |)o|nilar it is Indievrd that llie 

<lescrijdlolls which hdlow sull prme nde*|nate to ^n\e ihc reader a ^omi| 
idea of the rliaraclerlslics of the lv|ncal tlesj^ns idnstruled and ilescrdied 
in tins cliapter. 

Lorraine Aviation Motors.—The SocIvU* Lorraine. 2fif> Route De liczoiis 
Ari^eulend. S. and fl, l*'ruiicc. has proflnce*! miniennis tvpes of aivcraft 
enjfines. htuh air- and \\:ilcr-co<ded 'I'lie KKl/hNl {'W 'l*\pc shown at 
Fi^. Ml is a lUc cUindrr sialic radial t\pe 1*he oil jMiinp and 

valve Kcar are jdaced at llie propeller end of the enjoinc The earhiirelor, 
fuel piiin|i. .startinj^ <lislrihiiii»r ami taclumieter drive are located at the aiiti* 
propeller end as sIioxmi at Ki^. M2 1*he compression ralio is il\e t‘i one 
The horc is )2$ millimeters, the stroke is 14(1 tinlhnieters which K^i\rs a 
slrokc-horc ratio of I 12. The cvliiuler is provided with one intake and one 
exhaust \al\c 'I'he rated poucrof (chevat-vapeur or French rating i 

is attained at I..LSt) r p.m. The total weij'ht of the enj’ine with accessories 
is 150 kilr>;,^rams or J.XO ponmls. the \\ei;jht-|Hiwer ratio hem^ 3.3 jioimds 
per French lior>r]lower. 

The cylinders are made in two parts, the hea<l is alniuinum alloy and 
the barrel of steel, each helnj; proMde<l with heal radiating llanj;es as sho\\n 
at Fijy. M3, ^riie valve seats are of sjjccial tiiclal in scried in the alloy head 
I'he cylinder retention is hy clampm;; riii*»s which hohl it on the crankca.si 
Kacli cylinrler is provideil with two siiarkpln^s ami a couplni;^^ for the an 
starter. The crankcase is a well rihlicd aluminum casting, the ni** 
being inside and a lar^*e opening. close<l hy a plate, which also acts as • 
bearing snpp»»rt at the uar. jKTinils assciiihlv of the crankshaft and con 
necting rixl assinnldy. The front section is removal de and is provided i 
hold the liming and the uiagncio and oil pump drive. The rear cover • 
the crankcase also serves as a ceil lector for the intake gas and pipes radiai 
from the chamlicr to the various cylinders in the convenlioual tnanm* 
This also carries various minor accesxiry <irives. The pistons, which in 

U2H 
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• hown at 644 are of si>ccial ahinninnii alloy and arc prtjvidcd willi 
(WO ciuiiprcssion riiiijs atkI uijo ihI all carried al>ove 

(Itc wristjiiu. The just on wall is» rclievt’d at the wnstjnn, which is rclaineU 
liv >pring ring's lilting animlar grouses la the Ih>a>cs. 



t 


Pig. 641.—Three-Quarter Front View of Five-Cylinder Radial l^orraine 100/110 CV 

Engine. 

The crankshaft, svhich is iiia<lo of high slrenglh alloy sleol X'i a snic piece 
carefully machined and l>alance«l ll i< <upj»orletl by iwn roller 
'^eaniigs tand has Connlcrwcii^hK bolted on. A ball thnisl bearing supports 
die i>n*pellcT hub end of the shaft. 'I'he shaft i" hored out u» secure light- 
'‘Cs^ and passages for the lubricating oil. The connecting rod as^emhly 
"• shown in place on the crankshaft at big. ti45. The master rod is a stetd 
Gorging n( I section carrying link rods of tubular section. The l>ig end 
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of the master rod is <livide<l lo jicrmil assembly on the one piece shaft, tlv 
cap being held in place by four bolts. 'J*he link rods arc bushed with bronz( 
at each wrlstpin and knuckle pin hearing, the master rod big end is bushed 
with white metal. 

'I'he \al\t* liming i.s by an epicycloidal or planetary gear train as sbowr 
at Eig. 646. The cam has two seU of lobes, one fur the exhaust and oin 



Pig. 642.—AnthPropeller End of the Lorraine 100/110 CV Aviation Engine Showing 

Fuel Pump and Carburetor Installation. 


for the in let sahes. ^riu* U''nal riKrkcr arm ami tajipcl uh\ valve actuation 
means is used. I'he valve mekers are moimted on i*oller bearings ami haw 
looped or hfirsesboe ty|H* return springs vif flat .steel which always keep 
rocker arm pressed against valve tapiiet ro<l ends. The oil punij> comprises 
])re.ssiire and .scavcngnng members ami lilicred oil is directed lo ibc crank 
shaft interi<»r. from which it lubricates Ihc bearings and big eml of master 
rod by direct pressure and the evlinder interiors by oil sjiray. J*arl of the 
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Rockff —Rocker control springs 



Cylinder retertlion Ihreeds 


Fig. 643<^Lorreine Air>Coo]ed Motor Cylinder Conitruction. 
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oil is circulated aroimtl tlie mixture passage to licat the gas and siimil 
tatieousfy C(Kd the oil. A double carlnirctor is used. pr<ivided with alliludi* 
correction means. Ignilioti is by two magnetos. A carbureted air siartei 
is used, each cylinder being provided with a check valve fitting mounted 
between the sparkplugs. The l.f*rraiue 23(J C*.\’. ]iioti»r is shown at l**i^ 
M7 A Tlii.s is a .seven cylinder static ra<iia] type. It tllflers rroin the engim 
j»reviiuisly descrilwd in several iinporiant particulars. The niagnetoN, «»il 
puni)). double carburetor, fuel pump, starter distributor, gun drive and 



Fig. 64S.—Crankshaft and Connecting Rod Group of Lorraine 100/110 CV Aviation 

Motor. 

tachometer drive are all at the antl-jjropidler cud, only the valve gearing 
being at the projieller end. Tlu* cylinder bore of this motor is 1.3.S milli- 
inclers aiicl the stroke 150 milbnicters, the ratio j>eing about the same ii" 
in the smaller motor. The c^limlcrs are of com|H»site construction, having 
one inlet and <me exhaust valve in each cylinder. They are held to the 
crankcase by studs and mils instead of threaded ring nuts as the smaller 
cylinders are. This engine delivers 230 C.V. at 1.800 r.p.m. 1'he nmtor 
weighs 260 kilograms with pro|>eller hub and 270 kilograms with all acces¬ 
sories. 

A larger Lorraine engine having fourteen cylinders is shown at Fig. 
647 B. It is corut)ose<1 id twi» banks seven in staggered re)ati<mship 
The arrangement access<iry dri>c.‘^ and valve tiniing and actuating tneciv 
an ism is similar to that previinisly ilescribed. Its nominal rating is 470 
C.V. at l.SfK) r.p.m. but it has sbmvn as higli as 550 C.V. in tests with 
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hi^^her coniprcssiini c> liiulcrs. Tlic luirnial ralici is five mic. The cyliii- 
lers arc the same as iisctj <m the scxcii cylincler eiipinc aiul have the same 
Ikorc and strike. The neighs 420 kilograms with |>rnjicllcr and 

440 kilograms wilh all accessories. Other models ol Lorraine air-ccrfdeU en¬ 
gines arc made but the birms illustrated mav be considered tvpical. 

Wright “Tornado’’ V1456 Engine.—'I'lie NVrigbt ‘Tornado*’ V1456 is 
an e\]»criiuenlal twelve cv liiuler air^Ciinlcd cii^mc of the inverted “Vec** 
iy])e. rated at 550 borvepower at 2.400 rinii. This ty|)e of high speed 



I'lg. 646.«Planetary Valve Cam Drive Gearing of Lorraine 100/110 CV Aviation 

Motor. 


viigiiio is eunsidered a verv interesting ilevcU>ptneMt cm accenmt <*( its ad¬ 
vantages for use in bigb-sjwcd planes, especially comhat planes. It is hc- 
he\e<l that this eiignic w the logical type lr* supplant water-cooled “\*ee** 
tyjic engines in medium and large slzc'«. such as the Wright “'rornado” T5 
'yiie which has served the United States Nav'y so well in the past few 
>cars. This engine has been previously illustrated at Fig. 231. As this is 
•1 special type but little data i.s available for publication at this lime. 


SVIU’IFl CATIONS 


Type. 

Number of Cyhndrrs 

Bore . 

Stroke . 

Bated Power . 


InverU'd V« Air Coolfd 
12 

J * 1 
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550 li.lip at 2400 r.ii.m. 
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Cameron Fixed Radial Type Aero Engine.—The Cameron engine of 
seven cylinders of fixed radial tyj^c air c<Hi1cd l>as l)ccn hull I hv the National 
Aero ('oriM>ralion. nf Ne>v York Cily. frcjiu <iosrgns of JC. S. Cameron, wlin 
for a go<id many years was acli>c in the antcmiohilc imhislry. 'J'hc engine 
which is shown ni Figs. ^48 A, 1C C and D, has a hore of inches, and a 
s(r<jke of inches, giving it a dispiacement of 420 cuhic inches. It is sairl 
to devtd<»p 100 hcirscjH.wcr at l.ROfl r.p in. and. weighing 280 pnunds com 
plclc. its s]»ecific ontjnit is one horsepower for c>erv 2.8 pounds of rlw 
weight, «'in<l one hnrscjKiwer for every 4.2 cuhic inches i»f ^lisplaccmcin 



Fif. 647A.—The Seven>Cylinder Lorraine 230/270 CV Radial Air-Cooled Aviation 

Engine. 


It is planned to huifd the engine with two difTernd coin]>rcssi(jn ratios, a 
ratio of 5.4 to 1 fi»r installations where <»rdinary coininercin) fuels may have 
to he used, and a ratio of six to one where only aviation gasoline is to he 
used- 
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The crankcA'se. as can he seen hy slutly of Uic seclional drawing: at Fi^. 
^48 A, consists of an aliiininuni cast in;*, with an npenin;' at one end througli 
\N hicli Ihc crankNhiifl can he introihiccd. This opening; is cl<»se<l hv a cover 
aiicl tin* Inmi and rnctiou roller tv pc main hearings for the crankshaft 
,u*C numiited in (Ik: end nail oi (he crankcase and in the Ciiver jilatc rcsjiec- 
lively. Hi;*li tensile cast iron alloyed with nickel and chronnuni is used 



Fig. 647B.—The Fourteen-Cylinder Lorraine 470/550 CV Radial Air-Cooled Aviation 

Engine. 


lor the cylimler castings wliieh have the.cylinder hea<ls cast integral with 
tiiem. The coviling lins which iiUTease hi depth as the head is approached, 
nrc rinished hv machining except h»r one or two nearest the hea<l, in the 
case of which (here are necessary irregularities which make a turning opera¬ 
tion impossihlc. h!ach cylinder is secured lo the crankcase hy means of an 
integral (lange and a threaded ring, which makes a very light and secure 
fcisiening. 

A feature of this engine is the arrangement of its valves and the form 
t»f it.s comhiistion-chamher. There are twii inlet aii<l two exhaust valves per 
cylinder. The tw<i jiair of valves are located opposite each other in the 
<‘.vtindcr head, the exhaust valves having their seat*^ directly on the cast iron 
‘d the cylinder casting, and the inlet valve having hroii;:e seats inserted in 
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an aluminiiin Inlet manifold which is held to the cylinder head by four stuch 
The stems of all four valves are parallel to the plane through the cylinder 
axes, that the valve springs arc located hetucen adjacent cylinders. Thi* 
gives a c<anparativ<*ly Hal cylinder hea<l which can he rea<hly cooled ti\ 
means of ca^l-oii nhs or (laiiges extciidinp in the directum of flight. Twm 
spark (lings arc ] provided for each cylinder, at opposite ends of the compre^ 
bion chainhcr. and the incoiinng c*nA charge first fans the es]«»sc<l iniiei 
emls r)f the sparkplug and then sweeps i»ver the exhaust valve heads, all m 
Mhich heljis in preventing tnmhic from scIf-ignltion and detonation. 
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Pig. 648A,—Sectional View of Cameron Seven-Cylinder Air-Cooled Static Radial 
Aviation Engine Rated at 100 Horsepower at 1300 R.P.M. 

The valve operating mechanism, also, is out of the ordinary. In a hous¬ 
ing at the forward .snlc of the crankcase is arranged the timing gear, whicli 
comprises a cam gear pinion on the crankshaft, a number of small idler 
geari and a large idler gear mounted freely on the huh of the crankcase 
cover jdate and meshing with gears on seven camshafts, one for each cyl¬ 
inder. Of course the gearing is so projuirtioncd that each camshaft make< 
one revolution to every two of the crankshaft. Each cain.shafl carries one 
inlet and one exhaust cam ami through those cams acts on rocker shafts 
which extend parallel with the cylinders up to the valves. The rocker 
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•liafts at tlicir outer riid arc |m>vi<lc<l with arms. Init thc^c do not actuate 
:hc valves directly. Inlcrmccliatc shoes or alidini; jiicnihurs of li^hl alloy 
;irc used which prcjtcct the valves against all side thrust and thus ininiinize 
the wear of the vahe stem jfiinle.s. The niterniedinte iiienihcr is a duralumin 
'orbing and sli<le.s on a luilluw, hardened aii<l ground steel jnn. The hole in 


V«lve rocktr 
Sheft^bing 



Distributer j 

Zenith 

carburetor 


"'ig. 649B.—Three-Quarter View of Anti-Propeller End of the Cameron Seven- 
'ylinder Radial Ertpne Showing Dittinctive Valve Placing and Location of Ignition 

Distributors, Double Magneto and Starting Motor. 

Itc pin is closfcd by a machine screw at the cn<l and the pin is filled with 
•ajihite grease. This grease feeds <ml through a radial hole tn both the 
i'diiig surface and a roller carried hy the sliding inccc and on which the 
' ver anil on the rocker shafts ads. 
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Cylinder Construction and Valve Actuation Mechanism. 
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All tlie four valves have a clear cliamclcr nf 1indies hut the lifts are 
ii(Terent. the inlet valves havings a lift of inch and the exhausts of 
ifich. 0|icrati<jn of the exhaust s’alves is thrnujjh the same semree of mech- 
,111 ism as that of the inlet valves. 

The cumhuslihle charge for the engine Is prepared hy a Zenith carbu¬ 
retor of \ }^ inch -size. This feeds through a vertical otitlct to the chamber 
kif a blower located In fnmt of the timing gear hou^iug^ This blower is 
uf the centrifugal type and serve-s t<i mildly sujierchargc the cylinders. The 
iliief object of the hlinvcr is to insure a thorough iiitennixing of the fuel 
uikI air aiicl c<nise<jueiMly nu>re unif<»rm mixture disirihutum. Tfie iulcl to 
ilie hli»\v(T from the carburetor is near the center ami there are seven radial 
iMitlels from the hltiwcr housing, one to each of the inlet manifolds. These 



Fig. 649.^Masier and Link Kod Ataemhty of the Cimeton Engine it Made of Heat 

Treated Dural Forgings and is a Distinctive Design. 

eoimcctions lietwccu the Mower and the inlet manifolds arc hy duralumin 
Mil ICR which are coiinecleil at their inner end hy means of a gland nut and 
V'Wking and at the inlet manifold end hy means of a cap over the flange 
‘•ml of ilie tube. As in all engines of this type, the crankshaft ha.R only a 
niglc thnnv and is provided with ctninlerweights for balancing purjwses. 
h IS made of a high-carbon chrome-iiickcl sled forging. Hadial loads on 
die crankshaft are taken up by the two main hearings which are Hoffman 
• dlcr hearings, while all thrust load due to the proiieller. etc.» is taken up 
• 5' a deep groove ball hearing at the propeller end. Visions arc cast of 
•dinninum alloy and are fitted with four rings each. Piston pins are secured 
II the piston bosses hy a jiiu-lyiic .set .screw in each of the bosses. 

While the u.sual arrangement of one master connecting rod and articu¬ 
lated smaller rods is employed, the connection of the articulated rods to the 
niaster r<ds is worked out in a novel way. All connecting rods are dura- 
hi min forgings, the complete assembly l>eing .shown at Fig. (A9 A and B, 
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The master rod which has a center-to-ceiiter length of nine inches has :t 
very liberal hearing cm the crankj>in—2;'S hy 3**$ inches. The articulate^ 
rods are forced willi the knuckle j'in intcKTal and this ]>iii has a l>earing 1) 
hardened and ground steel bushings in the master rod. Caps for the bear¬ 
ings of the articulated rods on the master rod arc secured by means oj 
studs screwed into the head of the master rod ami headed over on the in 
side, so that it is not necessary to rely epljrcly on the holding power u( 



Pig. 650.~Side View of CurtiA "Challenger** Six-Cylinder Radial Air-Cooled Aviation 

Engine. 

threads in the duralumin. TTiis cotistruction makes it txjssibic to brin^^ 
the bcaring.s of the articulated rods closer to the craiikinn axis. Each cap 
stud serves for two adjiacent caps, except lho.se nearest the master roc! which 
anchor only one cap end instead of two. 

Lubrication is by the dry sump system and the double gear-type puitp^. 
driven from the timing gears and located in a s(>ccial compartment at tin 
bottom of the cronkca.se. Oil enters the hollow crankshaft at a plain bear 
ing adjacent to the ndler bearing mounted in the cover jdatc and passe- 
through the drilled-otit crmnccting rml .shank to the piston pin l>eanng aivJ 
to the cylinder wall. All of the bearings of the articulated connecting rod 
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also are lubricated liy the pressure system. The licaring of the master con¬ 
necting rod <ni the cr.inkpin is hahhitted, the babbitt being poured directly 
;nto the head of the rod. 

Ignition is by a Splitdr^rf double magneto which generates four double 
parks per revotutimi of its ariuaiurc. This magneto i.s inst«aUe<l on a 
^racket over the rear extension of the crankshaft and is driven from the 
crankshaft tlirongh bevel gearing at such n ratio that its <irniatnrc makes 
J1 revoliilicins In i4 <if the crankshaft a.s shown at I'lg. A. The arma- 
inro generates four donlile .sparks per revoUitnni. ft will generate 84 sj^arks 
nn* 24 crank.sliaft rcMdntion.s, which is the number re<|uired. Two sejiaratc 
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Fig. 65t.»Pront View of Curtiss '‘Challenger” Six-Cylinder Radial Air-Cooled 

Aviation Engine. 

's.sirihutor.s are pn»vided intlepemleiit «>f the magiieu* for the sparks to each 
‘ t of plug's and all high tension cables are carried inside a cable guard of 
araluuiin tubing, even the wires from the plugs to the main cable guard 
IT protected bv oval .section tulK*s securely fastened ti' the induction pipes. 

Curtiss Challenger.- The Curtiss Aeroplane & Motor Company, Inc., 
<ng known as nil i>iitstaii<ling ninniifaetiirer of military and commercial 
rcraft ami engines, is now fdacing on the market its latest type of aircraft 
ngine, the Cnrtiss Challenger. The Challenger is a six-cylinder air-cooled 


1342 


MODERN AVIATION ENGINES 


radial type, dcvclopiiij^ 17()h(irse|«»\ver at li<00 r.p.tn. Il has been prodweeci 
primarily to fill the fjrcat domand for a reliable commercial engine (jf 
rnediuin power. It is ideal in size for the two- or three* pi ace open cockpit 
type of plane for training ami general use, and for the increasingly popular 
small closed-cabin tyjie. The Challenger differs somewhat in design front 
the usual single-row air-cooled engine. It has six cylinders, staggered in 
arrangement on a two-lhrow crank>haft ns shown in the si<le view at Fig 
650. This iini(|ne design provides several advantages over existing type^* 
The cylinder arrangcinenl is Ci|uivalent t\\<» Ihrec-cyhiidcT engines 
mounted end to end. 'riiis provide.^ for |icrfecl dyiiainic balance, which 
not possiltlc with usual radial ty|»cs. and makes the (liallengtT an exeej» 
tionally snuKdh-runinng engine Ihronghniit its entire operahng range 'I'ltr 
staggered arrangement of cvlimlers makes tMissihle cxcelleiU slreaiiilnnng 
of the engine cowling. This, plus the inherently low frinital area of a sh<»ri 
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Fig. 652.—Rear View of Cnrtiss '‘Challenger** Engine Showing Mounting of Ignition 

Magnetos and Carburetor. 

stroke, large-bore engine. Insures excellent performance ehni acterislic*- 
The front view t»f the ChallengiT engine is given at big. 

Perfect fuel diMrihtilioii is obtained by the use of a dmiblc tarhurcloi 
each barrel of which supplies fuel to three cylinders through a simple mam 
fold cast integral in the crankcase. Th3sc manifolds arc of the closed o( 


CURTISS ClIAMJvNGKH KNCINK 
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ramminjj*' type, proviclin;j a Uirlailenl flc»vv of {jas lo each cyUmlev, 

.jsuHnjj maximum jiower. Kxccllcnt ran^e <*t vision for the pilot is in¬ 
ured 1>Y the wide sjiaciuj; of cylinders sil JiC) ck*j;rvcs aiul hy the small over- 
.kll (liamolcT of the ent^nic. Parlicniar car** has been paid llirou^’hoiit the 
<lcsigu of the Cliallent»<T to the re<niiremcnls of atvcssihility and easy main- 
icnaiice. 'I'here is jdeiity of rtKun to work on the cntrine, and the cylinders 
)iiay he renuived and the en^inc entirely o\erhauled without removal from 
like air]danc. A<)justTnents on valve tapjwts, oil pressure, tinim^, and car¬ 
buretor arc casilv made, and the carhurelor and oil screens are aceessihiv 
Incated for jieruHlie cleanmj'. 'I’he rear view <if the C'hallenjjer engine at 
l shc»\\s the k'r«niiiiu>j <»f the accessories aiitl auxiliaries. Keccut 

ili^lil tests id the C'hallen^er cu^iiie in the Curtiss *'ki»hiu** cahiii iiu»no- 
plane have ihurmi^hly dcnionstratcil its .suitability (or commercial service. 
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Fig. 6S3A.—CurtiM “Challenger" Engine Crankshaft and One of the Connecting Rod 
Assemblies in Place. B»I I lust rati on Showing Conatruction of “Challenger" Master 

Pod and Link Rods. 

I Ik* Kohin. carrying a julot, two passeni,^*rs and takes off easily 

idtvr a short run, chmhs at feet a minute, and has a to^i sjH*ed of j>ettcr 
ihan 11<» miles an hour. The first ( hallentter eiiRiiie in adililion to passinff 
tlie standani 5(Vhour l>lock test, has been llown for more than 101) hours 
uiMler all kinds of living; conditions and so far has re<|nired no maintenance 
u ha I ever. 

'J'he cylinders arc tlie iisnal composite type having' heat treated cast 
•dloy heads screwed and slirnnk »m alloy steel harrcK, flanges bein^ ma- 
• liiiicil on the barrtds as well as cast on the beads. Kt>cker boxes are cast 
uitejfral with the heads aiul are fitted with easily reiuovahle covers for valve 
‘•tpl>el ailjustnient. Two valves arc used per cylinder, these sealing on the 
'tsual bronze insert. The |Mirts for both intake and exhaust valves face 
^^rectly aft. providinj^ for simide manifolding*. Tlie crankcase in an alumi- 
'mn ca.stinp in two halves. s}dit through the center line of the front row' 

cylinders. This provules a rigid construction that permits of easy as- 
etnhly. The induction manifolds, four bosses for mounting the engine 
I rid accessory drive housing arc cast integrally with the rear half of the 
rankcaso. Mounting bosses are provnlcd with rubber Inserts through 
'hich the mounting bolt?, pa,^s and the absence of metal in metal contact 
hminaies or at least greatly reduces (rausinission of vdiration. 
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The crankshaft which is shown at h'ig;. tjS3 A is a conveiilionnl tw« 
throw tyi>c in perfect halancc. having sniall cminter\vtlights intcgrul 

with the extreme crank checks. This cianhices Ui snu»>ihcr rnnniii^,^ ainj 
permits safe operation at high speeds. The crankshaft is mcmnte<l on threr 
liall Iwanngs, the one nearest tiie pinjH'ller huh serMjig as a cimihined rmlia: 



Fig. 653C.**The Curtiu ‘‘Challenger** Engine Cylinder. D—Accessory Drive Gear* 

case of “Challenger** Engine. 

ami lhni'*t hearing. The conncctliig rmls cmisisl of Iwcj master rmN, eacli 
fit let! with two .short rods. The master rods arc |Misiin»ne(l at 18C> degrees 
to each r^llier, ]»roviding again»»l mihalanced inertia forces The master rod 
hearing caj* is provided with four large studs for all aching it. 'I'his rlesiga 
prosides a rigid cap ssith eNcelleiit supjH»ri f<»r the liaiil»itt*lmed sleel- 
backed 1‘eariugs. Tlie hearings for the short hmIs are of bronze. All rsids 
arc heat-treated steel of *'H** section ninl the as^elnhlv is clearly shown at 
Fig. 6,‘i3 Ih 

The pistons arc of cast ahuniiium allcjy, of the regmlar Ciiriis.s rildied 
type, with domed hea<K. There is amide od e«dlection space wilhin tin* 
])istoii tti insure against oil niiinnig' into the comhustion-cliamhcT, after the 
engine is stop|Jc<L Each jnston i.s provideil with five rings, two compression 
rings and Iwi* oil control rings beings h*cated alnive the pi.ston ami a 
third oil control ring below it. Piston inns arc fuH-floaling, of case 1iar«l* 
ened alloy .«5tceh and fitted with aluinituim caps to jjrotect cylinder walh 
from scoring. The valve mechanism is actuated by a double cam, driven 
through a train of four spur gears, eliininnting the internal gears usually 
employed. Heavy duraluniin push rods, with hardened steel hall end', 
actuate the rocker arms, which arc motnUccl in shielded ball heurings, am: 
equipperl with adjusting screws for valve tajipct adjustment. These screw 
are carefully ilesigned lu reduce side ihrusl on the valve stems and iucrea>< 
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the life of the wcaniip parts. The valves are of special silchnnnc sieeh 
sealing on hroiize inserts in ilie ryliucItT heads 'VUv excelloiice nf tlie valve 
ilesi^ni attested 1»y the fart that afUT Tii(»re than 200 hours of running in 
the first Challeiiijer euuuie. the valves, without Ijeiiii' ^nnniil. were found 
lo sldi hold ^iS4»line v>heii tested. 

All accessiiries aie UK*aled un the rear of the crankcasc. which they are 
protccic‘1 from rain and dirt. The regnlar e(|iii(>menl includes two hi>;h- 
tension .ScinliMu Magnetos. aii<( i>ressnre and scuvi*nt;in^ ml ]inin|>s I Vo* 
> isioii is made for siandard ly|H‘s of .starter, generator, aiul jdmiycT tyjic 
^oin vouirul. All accessories are driven lhroU|;h si»tir j;cars. winch rcujuirc 
no aiijiisUnent aiul thus revlncc assenddy and maintenance costs. The 



Fig. 653E.—Crank Caae Construction of Curtiu '*Challenger’* engine. Showing Di¬ 
vision Into Two Main Membors. 

hilnfcatioii .system Ls the ''presMire and scaven^hit;*' Ivfic. similar to that 
sHccessfnlly cnitdoyed in all t*nruss etij^ines. A jiressure tmiiip feecis the 
•»il tank tliroii;*h a fine screen in a Muall pressure chain her. to the rear main 
hearing, which i.s used as an oil seal. The screen t-« <lesij;ned as a valve so 
that dm ini' cold weather if I he oil is too thick to fltwv through the screen, 
it w'ill lift fiom its seat and jiernnl theod to flow* around it. The oil feeds 
into the crankshaft and the tiressure is ctmtrollcd at the protiellor end by 
a f)y)jass valve accessihly located in the ni*se casting. This inetU<»d of con* 
Irol insures j>o.siiive pressure Ui every ]»oitit in the crankshaft. fr«»m vvhich 
oil IS distrilmted to all jiarts of the engine. The return oil c<il1ecls in a 
snmp at the lHi|t<mi of the crankcase, so hK*atcd Ih.at oil will drain into it 
at jjlitliiifT attitudes. The i»revsnre and .scavcujilnt' screens, oil dr.tin plug, 
ainl oil lliennomcter well are in this sump. A single scavenging: immp re¬ 
moves oil from the sniiip and returns it ti> the oil tank. The rocker-arm 
hearings and hall ends are lubricated from Alcmitc connections on the 
Ti>cker boxes. 

The carbnrelor is a SlrmnhvfV NA-U4J double barrel type, simple in 
design and specially dcvclo|H«d fi»r use vviih the (*hallcriger engine. Kxten- 
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si VC flight tests have <leninnstralc<l that the excellence of carhnrctor aiii| 
indiictum system design jjrnvides the Challenger with reniarkahle accelera¬ 
tion fr<mi itllingl4» full throttle s)»eed. and siinxdh <»iuTalion thronghoni the 
entire range. The carluire((»r is attached to the lower rear end c»f Uic crank 
case for iise with a gravity gastdine system. IVovisiun is ina<le on the 
engine for installation of an Army lyiu* 0-5 fuel pnnijf if it is <le.sired to 
use a pressure fuel system. Ti» iM'^iire ]»crfcct carhurclioti in cold weatliei 
the carhurclor is exhaust jacketed arnnuit the harrels, using a liol^sfiui 



Pig. 654.«Pront End of Curtiss "'Robin** Cabin Monoplane Showing Neat Initallation 
Possible with Curtiss "Challenger" Engine. Note Effective Cowling and Disposition 

of Exhaust Gases to Muffling Device Under Cabin. 

dhow taking exhaust heal from the lower left e>liucUT. The lud-spiit 
elbow is (hied witli a valve to ctinlnd the aiuuiinl of CNhausl heal a<lniilie<i 
to the carhurelor. Tliis arrangeiiirnl preveut.N the formation of ice iii the 
carluiretor an<l insures pro|»er carhurclhm in any weather, without the loss 
of pow'ur caused hy the usual type of auxiliary healer, which heals the aii 
going to the carhurcti)r. Dual ignition is provided hy tvvi» six-i yllinler high- 
tension Scintilla Magnoto.s htcated on the rear of the cr.'oikca^e. There 
are two sparkplugs per cylin<ler. thus alTorcliug a reliahle final syslem ‘d* 
ignition. The magnetos are easily rcnio\ed for overhaul. 

CHAR.XCTKKISTU 5 

..Curtis^ tlwllengrr 

.170 

.k-MIU 


Name . 

HP. (katrU) at IffOO R.P.M 
MchW. 
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Type nf Engine .Sialic Air-ronlH Radial 

No. of CylimlefN .6 

Arranffemetii at t vhnclrr*..2 Radial rows of 3 

Bore . 5*«' 

Sirnkc .4^' 

niamcier «i IChpiiie (iik*Iu*%) . 42^b 

l)i*plafctwcin .f»n.l cu in 

tKoilion Sy^ll•m . Z SniililU MapiClov 

Carhtirctor . SlMHnlicr*: N3A-r4J 

Fnol CoiisumpiifMi ( ruivinjj.50 Ihv B HP- lw»ur 

Oil OuiMimptuni . . .015 ll»^ |KT B HP hrttir 

Speed of Prnficllcr . . .<*riiiks1uift 

Rntalion «if Proitrllrr . . ..I'liickwisc 

Wriclit of Ko«mr.4i0 lh%. 


The Waiter-Castor Engine.—'The Waller Wr»rk>, of Pragtir, Czech©- 
.lovakia. which already have coii.si<lcral>lr e.spcncncc in the manu- 

i.^chirc of air-crmlrfl en^rnic>. lia\c adderi to their line a 240 horsepower 
fixed radial lyi^e which was recently descrihed in ,tutfHuothr Industries and 
nhich is shown at Ki^. fo5. The rnyinc was recently levied under Ihc 
^ 11 j>crvisll>n of a coinmittec of the Ministry of Pnldic Works anti passed 
sncressfnlly thrtm^h the levts specilietl hy the liilernalional (’oinmission on 
Aerial Navigation. The cyhinlcrs arc machined from a solid hlock of ham¬ 
mered si eel and hn\r ilie ctMihn^ fins and ihc Hantce at the lower end by 
which the cylinder is l»olie<l lo |he crankcase tnrnetl tlurin*^^ the machining 
process. At the lop the cylintler is screw-threaded so the cylintler head 
ran be .screwed on. Tbe cylintler heads arc ahnntnuin alloy eastings, heat- 
trealod. I'hey arc screwetl tnilo the cylintlcrs and Ittcked in place by means 
of a tie vice on which a patent has been apjdicd for. The advantage of this 
conslruclu>n is that the cylinder hcatls arc readily interchangeable. Hron/e 
\iilve seals arc pres>cd into coiniterb*»rcs in the head and are rolled. Tlie 
rocker levers ha\e roller bearings on the rttcker lever ]»ins which latter are 
•'iipportetl ])\ pilbir.s screwed iiiio Mibstaiilial bo.s^es on the cylintler head. 
The valves arc inatle t)f tnng'*tcn steel an«l their stems pass through remov¬ 
able lironzc guides. Each valve is fitted with three helical springs. 

The pistons arc cast td alnniinnni alloy and have slightly concaved 
Vieads. Pislr»n hcatl.s arc re-eiifc»rced bv ribs whicb also re-enf<wcc the piston 
bosses. There arc two e<»m[iression rings i»n each piston, in additum to an 
'•d ring. The master tixl is made of chn»nic-nickel steel nf 1 section ami the 
•iriiculaleil ro<1s arc of circular seclinii. l*he master rod is .siip|M»rled on 
die crankshaft through two roller hearings. It is -saiil tliat this construelion 
has been fully proved <»ut in id her \N'alter engines ami that, although the 
cniinecting rod head iliamelcr is increased by the use nf roller bearings, this 
enlargement is ftilly warranted hy the long wear of these hearing.s. The 
crmnccting rod assembly is fully counterbalanced. 

The crankca.se is made in halves and also has tw'o header jdates. The 
baivcs ure held together by steel bolts w hich also .scr\c io fa.stcn the engine 
down to the engdne bearers of the tdane. 'rho crankshaft, which is a forging 
nf Poldi steel, is supported on three riiller hearings taking the radial loads 
due to gas pre.ssure and inertia forces, and the third, a thrust hearing located 
m; the front cover of the engine, taking the propeller thrust. The crankshaft 
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is made in Uvo parts which are jonie<l lugcthcr hy a method which is sai<l 
to assure jierfcct ripidih. The crank arms are exletided to the ojjposite 
side of the main jmirnals aiicl arc provided with c<»uiiler\veights. A cam 
disc, which is l<»cale(l in the forwanl compartment the crankcase, is pro* 
vided willi two senes of cams, the four ftirward cams actuating the exhaust 
valves and the finir rear cams the inlet val\C'». I'.ach set of \aivcs is ac* 
Uialcd thnmgh puslirods with roller cam (o[h»wers. The piishrods Iruiisfuii 
the molitm to the rocker levers which arc fitted willi helical retract I uj* 
springs. The cam disc is driven friun the craiiksliaft through a train <ii 
gears in an appropriate ratio. 



Fig. 655.—Th« Waltef'Castor Seven-Cylinder Radial Aviation Engine. 


A Zenith dual carlnirctor. Mo<!cl 6f) HCj. is fitted the rear cover and 
supplies mi.sture U* a chiTiising chaiiilicr fornie<l hetweeii the end wall nf 
the rear half of the crankcase and its cc»vcr. A rotor iihamtcfl on the crank¬ 
shaft is located in this dilTiisiiig chanihcr and leads from the cliauiher ex 
tending K* all of the inlet valves. The carl»urelc*r as well as the diiTuscr 
chamf>cr is heated l»v oil fnini the engine. Liihrication of all jiarts of the 
engine is elTeeted hv mean.s 4»f a gear-l\ jie inimji located in a cavity iti the 
rear cover of the crankease and elriveii frniii the crankshaft thpougli a paii 
of spur gears. All of the <dl draining fnnii the various hearings cidlecls in a 
sump communicating with the lowest part of the crankease. The oil enters 
this sump through u strainer and is <lrawn from it and forced hack to an 
outside oil tank hy a drain pump, passing through the jackets of the car¬ 
buretor and the diiTuscr chamber on its way. 

Dual ignition is employed and two iiiagncto.s are fitted on brackets on 
the front case cover—either Bosch or Scintilla. The magnetos are driven 
by two gears from the cam disc drive. Auxiliary drives (or the fuel pump, 
the distributor, the starter ami the tachometer are iiielo.^ed m (he rear covci 
which has a horizontal bottom. This method of mounting the accessories 
in the rear cover, where they are completely inclosed, assures absolute 
'^cleanness” of the rear part of the engine. The drive for the generator is 
also mounted on the rear cover. 
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The Wallor-Castor rii|;iiu* is ilcsi^ied f<ir use on liolh military ntui com- 
inerciaf planes. The makers slate that its high compression ratio permits 
nf increasing its power l)y UK) hor«iepo\ver c^ver the imrinal ruling at full 
throttle at gnmiul level, ami that this represents a reserve of 40 per cent 
of its rating f<ir altitiulc work. 

Following are tlic i>riiK*ipal iHmeii'^ions of the \N’aller-('astor eugiuej 


NimilHT c*f cvliiukTs .Sc\Tii 

lioie .*,.S.tt4 ill. 

.^irnkc .In. 

t‘uin^n»«»isurti rain.. i 

KI •111 JMill mUI|HI 1 .J4(i lip. 

KoTiiial sfKtil... r|irti, 

Maxlimiin oimikiI . JU\ bp 

Mnxiiniiin ^|rxm| . I8.S(I r p.in. 

lv|iiivaU*iii «till pul. .. .\Ml li|i. 

C*i •list! nipt I Ml I Ilf .1 r:i«hiIiiii* Ihh/mI SVotl inixiiiiv 
of .1 HKv ^rav. of OMKMIKin. ]k‘T tirakv 


fh'fM'jviwvi-lH»iir . . 0 4tM-U5nii 

CMiisumpiii>ii Mf Mil irr fu*rsqii*w-ti Isrtif .0.t.^*U44 lb 

Wrii?bi nt iMi^juu* wiib jirMpi'llir liiib.54.^ lb 



Continental Scven^Cylinder Engine.— The engine is a fairly conventional 
air eookil si*veii-i*vlnnkT radial of sj*hl-crankskift design. Ko atleiniit has hetn 
made in Ks design lo achieve :iii niiiiMiiilly low siK*cihc vveiglii or exceptionally 
ingh fiiitpul ))cr ciiluc inch of dtsplacenH*iiU nuijor atteiitnm having luvii given to 
a liigh siifely fiw'lor for all iKirls. rehuhilily of openilion. ease of niaimfucturc 
and reasoiiiilily low eost. 'I'he weight an<l out put fignri’S arc well within com- 
toercial reijiiireinenis. liowever. In'iiig 2.Crf» fxiiiiuls |>iT hc»r.H'iKiwcr. and .276 
horse] H>wer ]ht ciihic itich (hor'<•]«» we r figures according to rat mg), The fol¬ 
lowing description is taken from , iif/ojini/ftr liti!n.ifrics, 

'l*lie cyiinderv have a Inwe of 4 5 S inches and a stroke of that length, giving 
a diH|il,‘icement of 77.7 niliic inches irt cylinder, .and 543 ciilnc inclws f<jr all 
"even. The comi>ression ratio is five to one. At 1850 r p.m., the engine develops 
I5ll hji. The engine, with carlniretor a ml nwgiietos hut wlthonl starter, giniera- 
I"!*, exhaust tH]x*s and air intake heater, weighs 4t)0 jHiitiuls. ('ylindex* Ixirrels are 
forged steel with ahiminiim alloy heads, heal treatixl, shnnik and scrcwwl on. 
Valve rocker fuixes are cast iiilegnil wuli the cylinder heuils arul are jirovidetl 
with cast a him (mini cxivcrs. sevnred hy studs and mils. AUunimim broiue valve 
seats are sliniiik into the Iwacl. sjiark ]hig inst*rls Uung of ihe s;iiiie material. 

ICaeli cylinder is Mx'urixl hy ten studs and nuts to the cast, heat-treated 
afutninum ;dlny crankcast*. The latter is st»lit in the center ]>1une (‘f the cylinders, 
the front half carrying the litill thrust and main forward roller liearing. The 
rear lialf contains I fie rear main roller iKuiring. tin* cast-in induction manifold, 
vain follovs'er guiiles, and m«mnling^ ixisses. 1*he main roller hearings arc 
lUoimtH in hroiize liners, ainl llw thrust I waring (which is locited well for¬ 
ward of the front main liearing hir craiiksluift rigidity) in a .steel retainer. A 
I weather is liK:alcsl on the front cniiikcase half. 

Jhstons are of the long-skirt tyiw and tif Iwat-treated aliitiiiimm, 1 km ng cast 
hi jicrmanent niouUls. I’ision lieatls are nwde fairly thick, to kiv]> down the 
piston tcni]x.*ratnre ami |KTmit of small clearance without scuffing. Hxpan- 
''lon reliefs are provided near the |»tii Uissi^s. Pispin pins are secured in the 
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pistons by wire snaii rings. 'Oktc sjre f<uir rings U> the piston, three al)OVC atul 
one below the ])iii. Master an<l atlietilated rcxls are all of H section and of 
chrotne vaiiacliuiii stceh the master ro<l l>eing of the onc-piix*c ty|>e. All rods 
arc ctjnij)lelely imcllined. Link-pin as well a.s pi-ston-pin bushings are of 
bronze, while thecrankpin Iwaring is a slevl-lacked, lahbitPlinccl cylinder. Link 
pins are case-hardened and sccuretl hy Icwking plates. 



Pig. 6SSA.-«Rear View of Continental Seven-Cyllnder 150 Hp. Airplane Engine 

Showing Placing of Acccasories. 


The crankshaft is of llic two-|>kTe ty]K, asseinhleil at the rear crank-check 
It is of chrome-nickel stwl. The two I«live** are sccure<l by means o{ a cl ampin v, 
1x)lt. The shaft Is drilled (or lightness, and pUiggi^^l to provide pressure lubri¬ 
cation to crank an<l link-]mi K'arings. I'ressitre Jiihricatioii is also siippliol 
to accessory drive I tarings, with sjilash to other All oil leads are <lrille<l. 

there Ix^ing no intcmul oil jiiping. 

Timing ainl starter gears are rlrivcn by a spline at the center of the rear j>or- 
tion of the cranksltaft. The cam ring assembly is inounte<l on a bronze bear* 
ing ami driven hy an intermetliate gear nioiintetl on a stud shaft secured in tin* 
gearcase. The cniukshuft starter gear niouiitetl ilte si)linc referred to 
meshes with the starler gear almve llie craiiksliafl in a oiie-to-iine ratio. The 
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sumv crankshaft pi'ar uImj iw.slics \nlh the two mapnclo driveshaft cears, 
integral with these sKifls. Cam ami gcncraUjr anti ])ump shafts are driven 
hy the crankshaft timing gear through a serrated clutch held in engagement 
hy a screw at the cud of the cranksliaft. Of these shafts, tiw generator shaft 
driven imlircctly thn»ugU tltc cam inlrrmcdiatc gear. The pump shaft is 
located transversedy at the rc'ar of the ge.iraise and is driven indirectly- through 
iK’hcal gears on the generator shaft. I•>c^m the imnip sluifl. which drives both 
A I pressure titiiii]> and n m'u vending tunnp. the tachonKter anil fuel | hi nip drives 
are taken, one at eadi cn<l. 


Cover 


Velve housing 

Flengetf efioy heed 
MiKtwe pipe 


* Dome heed 
combuel»on 

chember 


Mixture chember 



" Master rod tig 
assembly 
showing hniir^ 


Counlefweights 


Pig. 6S5B.—Sectional View of Continental Soven-Cylinder Airplane Engine Through 
the Crankshaft Axis Showing Construction and Artangenietit of Parts, 

All accessory drive gears arc furgeil integral with their sliafts, and pla5n» 
^])lit-tyiX' lx*arings are WMil. exce^H iu tlic rase of the oil pump sliaft, which 
is mounte<l on liall licarings. All these gears, except, of course, tlie helical iniuip 
gears, are of tlu‘ slraighl spur stuh-tooth ty|»e. and of chrome-vanadium steel. 
*rhc scrratwl dutch mcntioncrl alxwe is for liming ailjustmcut. which ib easily 
JiCfomjilisht'tl hy ilisengrigiug the clulch h- UKxsening tlic strew at the rear end 
•‘f the crankshaft. 
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Reilirningf to the valve ram fn|l*>\vrr pniflcs are of a special alumi* 
mim alloy licarinp nicial. 'l‘hc cam r\t\^ aiul ^ear are cliroiiie-variadmtii 
steel, caiC-lianU*iH*fl. and are riviied to a fori*<'d dnnd iiiniii Inih Rfillor* 
are also caNc-hardeneel, as are roller iiiiis anti rinl cnjis. Push rods 

arc of ditraliunin inhini' inninitc<l with hardened steel half emls. Rocker 
artns arc mounted on hall l>cannK'«. wtih 1api>el clearance adjustment mi 
the front end of the r«K*krr arm X’alves are of the hnllow stem tulip tv|K*. hath 
inlet anti exhaust Ihmuk made tif (*\S steel. 'IVo helical sj)riii;;' 

are used on each vaKc. 

Two Scintilla niaKnel‘»s arc Hlled ftir iirniliim. the standard S 
threedudt flange mt>niuinff ln'in*' used. lhsirihM(t»r units hir battery iffni- 
llon can l»c snhsiuulerl. SiMrkplujiv an* lUi, two jkt cvlnitler. J^alm 
shichlin^f ean he furnished. Any l\ije of starter lunv aval la hie. it is slatted, 
can he nM>nnted. since the starter shaft earnc*^ both a ihiee-tau elitteli and 
an internal starter spline. C ylinder beads are tap[K*d \ii aceomniodate lln* 
llcywcjnd starter fiuintr''* An S.A.I’'. llaiiKe is jinivided for a fuel pin up 
ninniUin^. to he <iriven tbron^b a eonphn^ from the pnmp cross .shaft 
'I'hc carhurelor is a single-barrel Slroinherir. Mixture i^ earned 1 o ihr 
cast-m. *’lir»rse-slioe** manifold hs a donhU\ t'-slinpi'd intake pi))e. At the 
juncture of the anus of this \u\k\ ati anlomohile-tvpe led spot jacket o 
providt'd. Heat cotiirol is desicned to he ojHTaled from the cockpit hv 
means of a Imllerlly \abe. in autotih»bile jiracliee. I'.xhatist flange- 

on the cylimlers fare h«r\\ard. .An exhaust rint; ami nose coulinj* will lie 
furnished if clesire<l. it i.s slated. 


sri‘:rirr<*\Tf<»N*s ni- rtfr: rnxTi\b\T\i. sr:\ i*n*< vi.i.ndkr 

AiKcb\rr RNtdXK 

7 

•IS hv .IS 
544 ni ni 

1 VI hi» :a IK 5 II I iiti) 

Mm Ih 

>2 |H*r hli]* ixT iir 
.03 Hi. per hlip |mt lir 

Jtt III 
4M; in. 

S \ K Xn 2 laix*r 
.X \ K \h jn s|>lmc 
t*«>ii1iiirii1al M<»tr»rs 

Ik'tma. Midi. 

Bristol Jupiter Engincs.^Onc of the main fcalnre.s of the ftristol Jui'iler 
engine i.s in the construclnm of the cylinders. They are turned from -stcrl 
forgings, with the ccKdmg rtanges machined ilnriiig the turning process, and 
have an integral conihu'itum he:i<l jirovKUnl with o|ieiungs for the valve 
seats. To this cylinder an ulnminuin casimg, having valve pockets in whicli 
are two sets of intake and exhaii>t gas ports, ami forming a se])nrate cy) 
inder licad. is applied in switch a way that an intimate mechanical contact 
is obtained between the cylinder head and the integral steel comhustiou 
head to which the aluminum casting is secured. ]*"ach cylimler head is pro¬ 
vided with two inlet an<l two exhaust valves. The seals of the valves form 


No. «*f CvIiimIits 

Tore liiid «>lrr>kt* . . 

Displacement . 

Rntcfl p<»vv«*r . . . 

WeiKht t?ii»i)f*>x ) . 

Fuel CimMimirtioii. 

Oil o III sum pi It III 
ni.imetcr moimlnic In ill rirck* 
Oirtsnle (bamcirr 
PrniH'lliT mnunliiut 

Prr»p(41rr m«>iintiutt optHMi.d . 
Makers . 
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separate units an<l serve an achlitional purpose by ablini; to maintain con^ 
Uict between the steel cylinders an<] the aluminum head. 

The pistons arc oi alinnbiuin. and the connecting rods are arranged in 
[lie usual manner. In wliirb eight link rods arc i)ivote<l around the lug cn<l 
.•{ the master ro<l. An ingenious compensating device is prf»\ided to cor* 
I eel tai»pet clearance and compensate for the etVccts of the cylimler expun* 
^jou due to rising teinpcrHiure. The crankNliaft is a two-piece member 



'iff. 6M.«View from Propeller End of the Bristol Jupiter Senei VIA. VIAM. VIAL 

Standard Ungeared Nine*CyHnder Radial Engine. 
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which has hecn previously illustralccl and dcscrihed. Tlie crankcase i. 
made (»f ditralamin fnrtjlnffs tiistca<l df heingf a casttti|f. >vhcch provides 
sidcruhle increase in slrcnj*th and sonic remind ion in wciRhl. 

^^'i^h Hie ol)jrc! of increasin^r tin* nin^e of Jupiter enemies the Hristoj 
Company siiccessfiilly carrletl out clnriii^ 1*^27 an intensive dcvelopnicm 
proj^^ram in their Kn^'inc JC\j»eriniental and Researcli I)e]»ar linen is, In 
addiliiin to the standard direcl-«lriveii type, the *’15rislor’ Jnpiicr is mn\ 
available fitted willi a ;jear-drivcii supcrchnr}»er. or with a 2:1 reduction 
^ear. The ‘'P.rispd** Jiijiiter Series VTA ciiKhio sln«\vn at r>5fi is a 
ccnilimintion of the well known Scries \'l, hiil nllli <lciailc<l iniprovemrnw, 
by which the life is increased and upkeep is simidified. while its ci»tn]H>neiU'. 
are kept inlercliaii^euble willi those rd the superchar^eil and ^eareii 
types, the whole senes of Juj>iUT engines lieiii^^ ^^’iierally niterehaii^jeabU* 
as rej^ards installation Mach of these engines has liecii ^■‘rantecl a Untivli 
Air Ministry ('ml 'rN j>e Test ainl accej»led as airwmlliy ninler the An 
Navi^J^tiou kcK^iilaliiMis and Directions Act. AU t) pes are now in pnuluc- 
tion anil are hein^^ fitteil in the latest service and coinniercial aircraft. I'ln' 
‘Tlristor* Coiuiiaiiy. who are both aircraft and aero enj^ine niamifacliirers, 
with the aero eii|;nie departnient adtaCent to the aen»<(roine. have also devel¬ 
oped ami tested a ('inii]>]ete raii^^e of installation extras and uccess<»ries for 
these eny^ines, of which a couijdete stock is carried. Ailvicc will be ^iveii 
on the most siiiialde types, so that eiisioiners can be relieved of the exiieiise 
and delav iisiiaify invoUc'd with these accessories on new* types cd irislalla* 
tioiis. The engines arc made in vanotis iiunlels as follows: 

JIt]liter Iiipji altitude b,3 fo ! coinpresMon: Tins eii^'iiie is sjie* 

cially suitable for fast military inaclinies with a iiortiial ojieratin^ alto 
tilde of ]5,tX)0 fj'ct iii>wards, With slamlanl Itrilish service XO/io fuel 
the engine is run partially throtllcil at sea level, fnlf IhrolUc only heiiij' 
used at altitudes above 5.tXX) feet. At altilndes above this, the cnyiiie will 
show a cotisidernhle ^'‘‘‘in in ptivver and fuel ec<moniy over the lower coni- 
))ressi<in cu^jines. ^dviiiy the machine a proportionately hij;hcr ccniiiijj. 

Jupiter X’T.AM.. i^encral service 5.3 to 1 coiiijiressloii: d'his enj;ine is 
similar to the \*I A., apart from the conijiressioii ratio, ll is es])cclallN 
suitable for general purpose inilil.'ir)’ machines normally operating al alto 
Unles belsveen 5,(XX) and 15.tXXI feet, and reciiiiriii^' ibe iiiaximuin ]Mnvrr 
available at ground level with standanl Tlritish service 8H/20 fuel. 

Jiijiiter X I.A I.., cmiunercu'vl S to 1 coimircsslon: 'I'bi.s ditVers frjuii 
the VI-A enj;inc in its coiniircssuui ratio ami the deletion of all ])nrely mili¬ 
tary fittings. It is jiarticularly suitable for ccnnniercial machines, the lower 
rating eiisnrinj^ a very loiijt life Iwlweeii ovei hauls and satisfactory opera¬ 
tion over a wide ranjte of comlitioii.s, and with standard aviation petrol. 


jutdter Series X'lf, high allitmlc, w'fth gear driven siijiercliarger: TIu' 
engine is essentially for use with conijiaratlvclv lightly-loaded service 
scout machines, mirnially operating at altitudes of 20.(XX) (cot and ti])warci>-. 
ami where the maximum performance at low altitude is not required. Mui 
throttle is used only at altitudes of 12.(X)0 to 15.fXX) feet upwards. Undr 
these conditions the improveineiil in performance over the Series VI eugiiv 
in identical machines is remarkable, being over 30 per cent in climb, 15 pc* 
cent in sjieeil anil 3.^ per cent in ceiling, nds engine is iiUerchangeabk 
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^ ilh the Series \'T, bcinp only 40 |M»iiU(ts heavier in \Yci>;ht. am is in tended 
Mr use with stanrhird lirilish service 80/J0 fuel. 

Juimer Scries Vfll, «ear«l twc» lo tme, lti;;h aUitvide, 5.S in 1 roiniiresdon: 
I his is a ilcvd«i^>ni<*iii of the Series VI A. enjiinc with the adililion nf a 
:iaml UirniiitJ ^^ear for slarlin^ j>iir|K»scs. nn engine <lrivcn j)elv<»l jnini]). 
rimJ a two t<j erne rediiclidii gear of tlie well known Hannan bevel eiiicyclic 



^is* 657.»Side View of the Bristol Jupiter Series VIII, IX and XI Reduction Gear 

Enpne. 

l»e, The increased ^nmer oiitjnil of this engine, conihined with the high 
^tjclcncy <if the eoinparativel> slow revolving propeller, make this engine 
Inch is shown a I Fig. ^j 57 ami f>S8 particularly suit able for high perfonn- 
ice hoinhcrs am] eotnparativcly heavily loaded service machines operating 
altitudes of 10.000 feet upwards. With thi.s class o( machine the itn- 
’ rovemcnl over the Series VI engine remarkable, being approximately 
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30 per cent on the cHmh, ten |>cr cent on the sf>ee<l and 30 per cent in ceiling: 
The engine is run partially throttled at sea level, full throttle with standard 
British service 80/20 fuel being only permissible at altitudes of 4,000 feci 
upwards. 

Jupiter Scries IX. geared two to one. general service. .S.3 to I compres¬ 
sion : This IS the geared effuivalcnt of the Scries VI.A.M., for service where 
maximum power at ground level is essential, or where the operating hciglu 
of the aircraft is below 10,000 feel. This engine is intended to operate on 
British standard service 80/20 fuel. Jupiter Senes XI. geared two to one. 
commercial, five to one compressum: The geared e<|iiivalent of the Series 
VI.A.L., for commercial use. or where the use of standard aviation fuel 
required. Series VIU and IX engines can be supplied with cngini^tlriven 
fuel pump, gas starter distributor, linrivs starter claw, band-operated turn- 
ing gear, and operating cams for Constantinesco gnu gear. The Series XI 
accessories arc similar to the above, but with an auxiliary drive running 
at twice engine sj>ced, in jilacc id the C C. gnu gear and petrol pump. 

The latest lyjie <if rocker gear staiidardi?cd oti all "Rrislol’* Jupiter 
engines from April. 1028. onwarils incorporates several important modifica¬ 
tions resulting in greatly reducccl w*ear. c<unbilled with simpler maiuli- 
nance. The use of ball Wariiigs. in place of plain bearings, allows id grease 
being used Instead of oil. giving a cleaner mechanism and approxiniaUl.\ 


THE "BRI.STOI." JlTITER 
Serio MI 
1. 1*^(1 iiii; Part IV iiUi s 

Type.** rylifiilrr :ur*nt«*lisl ratlwl with Krar* 

driven sujitrcharBcr 

Bore .5.75* 146 m/m 

Stroke .75* P>0 m/m 

Total swept volnmr.1.75.1 ni \us. 2’^7 liteis 

Compression raim .53 

Normal eiiffiiic R P.M.1,755 

Maximum eiiKinv R P. M. 

Enamr r<i 1 aics .(luekwbe, looking on front 

Pft'pellcr .Direct drive left-hand iractor 

Rating a 1 iiurtnal R I* M.42U fi Hp. .M l2,tXin fwi 

Rating at maxiimim RT M.440 R Up. at l5.<Nin feel 

Ratnl hiii»st .Ihs/scj inch 

Carburetor .I “HriMor Triplex, nil licatcd 

lgniii«»n .Huai. 2 H.T, magneto? 

Ignition control .I'ixcil 

Oil system.Pressure 60 lbs. si| inch 

Tachometer drive. % engme R.P.M 

Fuel recommended .Standard service 80/21) benzol mixture 

Oil recommeiidril .Caslrol R. or pure treated pharmaceu¬ 

tical casnir 

Standard weight bare .760 lbs. 


This engine can be supplied with engine-driven petrol pump, gas starti 
distrilutlor, IJucks starter claw, and ui>erating cams for Constantines* 
gun gear. 
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:cn times as lon^ between lubricating |ierioils. The special balbcndet! 
incker adjusting screws give a greatly increased period between adjust¬ 
ments and ensure the retention of the correct clearances and valve timing 
k>m all cylinders. 

The carburetor specially designed and supplied for this engine is the 
“IkisliiV’ Triplex cnrbtireltir, cinisisting of three variable jet type rarlni- 
riti*rs, binncil in one ImkIv and n|K‘raietI hy mu* of controls, giving a very 
•'otnpact instrument, which, while mounted 1i*w enough to allow of u gitod 
L^ravily feed, can be tucked up in.siile thec<»wlmg. The variable jet greatly 
i^cililates tuning ami gives an exccptumul range of altitmic control, as 
biinie out by the results <d oflicial tests in bigdi altitmic scouts. I'he latest 
hjie now fitted to all Ju|>it(T engines is boated by the hot oil drawn from 
ilie engine by the scavenge pump, the i>il also circulating thnmgh the air 
intake elbiov and tlie induction elbow, thus ctisunug complete vaporization 
(d the mixture, and preventing the possibility <»f the freezing up of the car* 
buret or under adverse weallier cun di lions. Adililiunal beating is provided 
by the special forward type air intake drawing the carburetor itiiakc air 
over the lower cylinders. For commercial macliiiic.s or where fuel ccon- 
vniiy cruising is of jiarticular inijiurtauce. the standard altitude control can 
be replaced by an automatic mixture control c<itniiig into actum at any 
arranged throttle cruising position, atul giving a ten per cent to fifteen 
per cent iinproveinenl in fuel cmisiiiii]>ljnii. 


TUK ••ItKlSTtlL” JUPITIvK 
S«’iirv \*lll. IX and \l 
l.cadmis Puriu'ul.irs 

Tyi»r .nlimkr air*Ci«»lcU railial 

biife. . 5 7.^* 

Slmkv .7 5" P^Um/ni 

Tula) siTiiki* voliinu'.1.7.53 cu inv ^7 lilcr« 

Nonna) i-uunic siwl.J.UtlU K P.Nf. 

i\)axiiniiiii online .k P.M. 

Pro|H*llcr. Left haml tractor 

Projsdk’r i^car ralio.3:1 

CaH«m‘lor .I '*l«rUii4’' Triplvx, oil hratnl 

Icintnm .3 UT numuion 

Ignition control.Fixed 

Oil .Pressure «) )1>s. si|. incli 

Tnchoidcier dnvc. % vogme k P M. 

Fuel n*ctrtuincndi*tl.Standard service 80/30 hciiiol 

fnixliire 

Oil recoin mi* n«kd.tastrol R, or inirc treated 

pharmaceutical castor 

Staiid.ini hare. 880 II >s. 


Cuinprc5sic>n ratio . 

Rated B.HP. at normal H 
Rated H.HP. at tnaxitnnm 


K.P.M 


Jupiter VI l[ 

IX 

XI 

58 

5.t 

5 

.440 at 4.U0U' 

485 

4oO 

.480 at 4.(iUJ* 

535 

500 
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An intejyral fi;ear-driven siii>ercharper ts iiicor|M)raled In lliis enpine. ii. 

place of the sjiiral in<luction system, which is such a well proved featun 

of the nalnrally aspirated Jujnter enphic. The Idnvver is <*( Ihc liiph spee'i 

centrifnpal tY]>c, enil»r«Iviiip certnin inlen*\liiip paleiiteil features, eliiiunimnv 

the incrlia problems inherent with this tyj»e of mechanism. Tlie system o'* 

slipping clutches emtdoyed ensures that the iintwllcr is protected from shod 

loads, the toniut* in the blower dri>c helnp practically constant: this, corn 

hined with the hiw loadings. pi\es a <|nii*t rnnninp drive <»f cxceptwinjl 

iltirahilitv. The unit is moimted tmmediulelv hchimi the rear wall of ihr 
• • 

crankcase, coiieentric with and driven frnm the tail einl of the cranksli.ifi. 
around \n Inch it rcvohe.s. In order to retain the siinjdicity ami rcliabihiv 
of the slundanl 1 >i»e <d carlniretor and cmiirols, the “Itrislor* Triplex cur* 
hurctor is niounte«l nn the intake side of the blower, ibe mixture heim* 
drawn axially into the init»eller and discharged radially via a fixed tlilTustr 
into the annular indnciion clianiber. uhieh re]daces tlie iiidnction spiral 
From this chamber the mixture is fed to the cylinders by nine radial pijjcs 
in the usual manner. 

'I'he fuel putnp is of the well known pear >\heel type, pivinp a nonllur* 
tuatinp flow suitable for direct feed to the carhurctor. and has been devrb 
oped to meet the demand for a imire efficient and reliable unit than tlie 
windmill type jninip at present in general use. ft i.< slandartli;^ed <m the 
Jupiter .Series VII, \'IM am) IX enpme.s, hemp positively dri\en from the 
gun pear <lrive shaft through a hall-ended vertical sluifl enclosed in a tele- 
scupic tubular duralinirm case, the ]ium|) being monnled on the inducti<^ti 
elbow in a cmivcnieiitly low* position. All l>caring .surfaces are autcmiati* 
cally hthricated by the fuel circulating through the ptiniji. and leakage alon^ 
the driving shaft is prevented hy a spring hiaded cork-packe<l gland. A 
relief valve, suitable f<ir attachment in any convenient position, is also sup* 
plied, and is intetxled for use when the pump feeds the carlmretors direci- 
it i.s the Sjiriiig loa<lcd type set to a suitable presMin* um! liyi)assnii; 
all fuel .in excess of the engine rc<|iiiremetils. thus preventing flooding of 
the carhtircUir due t<» abnormal feed pressures. 

For the benefit of aircraft con'^l^uctors, it is the ]>(dicy of the llrislid 
Company to dev<'loi>. test ami standardi/c for each l>|»e cjf euKiiie a suitable 
exhaust system, which will act as an exhaust ci died or. Hainc daiui»er ami 
silencer. To sini|>lify the installation the rings are entirely supported from 
the engine, and, in ad<lilK»n. pr<ivi'.um is made fur utilizing tlie exhaust ring 
a.s the front siipjiurt for the engine ctwvling. The latest tyjies evolved, a*' 
the result of extensive bench aixl flight tests, supersede all earlier typC". 
The down pities arc kept within the cylinder <nilliiies. in order to cut down 
head resistance, and allord the Tnaximiim |M>ssihle fairway for gun fire, etc 
IXfleclor rings arc providixl to ensure a slc:i<ly flow of air around the rear <*1 ih^' 
ring, prevciiUng hot bi>ots and stagnant areas, and. in c<mjuuctioii with Un- 
special expansion joints, eliininnle all fire risk. Sjiccial screwed sphcrir^il 
joints are provided to ensure a flame tight joint, coinhitied with reason ah • 
freedom for assembly purjKiscs to ensure inlcrchangeahility of rings. 

Thc.se rings have been type tested, ami the detail design and dimension• 
are such that back pressure and consC4|uenl h»vs in lirake-horsepowcr 
negligilile. The I'escolizfng treatment given tlie exterior makes them pro t 
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ij^ainst C(»rrosiuii. fruit) licut uml ttttno^|»henc clTcclb, with the result that 
I lie life of the riug^ la indcrmitc. At the present time these exhaust sys- 
iiuis arc available in lwt> typcs» one suitable for all types of Jupiter VI 
i iiistallalioiis. and one for all types of Jupiter \ 111. iX atul XI instah 

^iU^^ns. For the supercharged Jupiter \’II an exhaust system is not yet 
.iN.ulahle, the ciigiue operating with short exhaust snouts. 


Bristol Keduction Gear.—'J'lic reduction gear incorjjorated iu the Series 



1 658.~Rear View of the Bristol Jupiter Series VlII, IX and XI Reduction Gear 

Bncine. 
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bevel opic^ clic reduction as tlcvclo|icd l»y the *'BnsU»r* Comiiany fr.) 

the Jupiter engine an<l sht>wn at Fig. 600. This gear docs not suffer fron; 
the drawback.'* of abnormally high UK»lh and l>eanng loa^ls, nr an olTse 
propeller shaft, customary with the conventional types of cpicyclic or conn- 
ter.shafl rctluclion gears. The special floating mounting ensures that unde: 
all conditions the driving gear adjusts itself to mesh with the three pinioii'* 
and is centered .solely by its engagement witli them, with the result that tin- 
drive is e<(iia)!y distributed. All bearings arc force lubricated fnmi the en 
ginc lubrication .system, while the thrust in the gear unit is cntirelv self 
contained, and no axial load is put on the crankshaft bearingv. The whi>!* 
gear is extremely compact and can be assemblc<l as a complete unit remote 
from the engine: its efficiency is very high, ami it is jiarticnlarly f|uiel m 
operation. 

A hatKl-opcraicd engine Inrning gear has been includctl in the c<jui|>' 
ment of the geared Jttpilcrs. as these engines arc primarily intended fm 
large .single- and multi-engined machines where i*rop<dlcr swingnig is iin* 
liracticable. ami where a reliable altcrnatiNO melhotl of engme slartmg inii-i 
be available in ease of the failure or absence of the auxiliary starter units 
usually em]dioe<(. IVomsiou on both t^ort amt starbnard sulcs is made for 
operating liandles, and with tlie rc<bictton ratio erii]'loNcd of .V) to 1. e\rii 
the Stickiest citginc. can be comfr^rtably turned at a siiilablc spee<l for start* 
ing imriioses. 'I'he operating gear is engaged ihrougli a s]iring'-ioa<le<l tog¬ 
gle moveinenl. ami is automatically thrown out <»f engagement, either wUrii 
the engine fires nonually or back fires, thus en''Unng ab^-idute safely for 
the ofierator. Tins movemeni has been snbjecled lo a prolt»nged senes of 
tesl.s with artificially pro<]m*ed bark fires, aufl its efliciency deni<inrated 
with complete success. I'hc unit is connectcrl with the engine Inbricalum 
system, geiierous-sixed ball, journal and thrust bearing- are use<l. ami as 
the gear is out of engagement when the engine is running, wear is reduced 
to a mininuiin. 


Jupiter Crankcase Construction.— The tw*fi Italves of ilie crankcas<* are 
scnired by nine liolts which serve Uith to register and strure the an<l 

also to supiK>rl the engine on its ])late. Near llndr rear eiuls these 1 Milts have 
collars birnieil on them, sunk into reeess<*s in the erankc'ase. Ulinnl the face <»f 
Nvhirh the ends <if the 1 wills ]irojert suftunenily to {kiss through tin* airresjMind 
ing holes in the engine jdate. I'lie front ludf of the cnuikease has two huge 
concentric cylindrical p/ojeelion.s going forwanl from the front wall, and 
providing acconimiKlatHin for the eighteen tHt»tw't gualcs. The outer cyliialriral 
casing is forme<l integral with tin* front half of the crankcaM*, while the iinu'f 
is bolted to the wall and binns a housing for the cam gear. Tlie rear luilf oi 
the crankcase has formed in it an ovaJ-.socliun annular induction chamlwr, <'r 
rather jiart of such a chanilier, I lie oval section liejiig eoiopleted by u detach 
able cover. This chanilx*r receives the thrc'C-start spiral which distriluiles the 
mixture to the nine cylinders, and which forms such a consjiicuous fcaluri ni 
the de.sign of the Bristol **Jujliters/* Kvenly .sparwl anniml the circumfcrci' 
of this annular induction chamber are nine circular ajicrturcs faci*<l at ilv ' 
outer cn<ls to receive the flanges of IIk nine induction pi|x*s. In the lower 
lor of the rear cover for tlw s]>iral arc three jiorts. al.so faced at ihcir outer cn *• 
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((» receive the Bristol **Tri|jk*x’* carburet or. which has Imth descrilvd in the 
/liapter on Carlmreiors in Volume One. 

The evenly s}«iced aiwrturcs for the nine cyliiulcrs are faced at their outer 
^ nils to receive the cyliixler Iwse flanges, which are sccnrecl t<* the crankcase 
l>y eight bolts each, four in each luilf of the crankraw. The haration of these 
Ixilts will be seen in Min>e of the ilhMrath»ns. In the lowc>t fwirt of the crank* 
lasf jirovisum is made for the attaclmwnl of tlw oil .vump. which is formed 
:i> a s()eclal unit. TIk* const met ion of the inij>onunt jiiirts the Jnjnler en* 
cine nwv l>e uuder.sbKKJ by referring to Fig. 658 A. 
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Jupiter Cylinder Construction.—The cylimicrs of the Bristol ''Jupiter 
have steel Iwirrels ainl ahintiiuim aUov heatls, a face joint being fonnwl bet wee; 
the two. which arc secuml by eleven studs and four set screws. The cyUncIi • 
barrel is machined from a steel forging, and has its crown Formed integral will*, 
the cylinder, so tliat the valves s(*at tlirect in the crown, and there are no sejiarai* 
valve seats to work loose. Also, of course, the integral crown takes the cn- 
plosion pressures. 

The co<jling fins. tiirne<l from the solid, arc carefully pro])oriioncd to givt 
even cooling, ami it is of interest to note tliat they arc formed ccccntricalK 
with reference to the cylinder Uirrcl. lx.*lng deeper at the Kick of tlic cvlindci 
where the CiJoling is likely to l»e less efleclive. To give an idea of the can 
taken in the imHluction of ••Jupiter** cylinders it may l>c statwl tivii llw avenLg<‘ 
weight of the sltx*l fc»rging fnnn which the cylinder barrel is tun us I is HR tM»nnds. 
of which a]>i>roximatcly 70 fxinmls is machined olT. leaving the finishctl weight 
about eight een ]K»tinds. 

A short distance 1 k*1ow the Kitiom fin the cvhnder Kirrel has fornietl on 

9 

it the Kise flange by which the cylinrier is attachiHl to the cHiukcase. Thr 
flange has two Kilt holes at each of its bnir corners for the reccjrtion of die 
hokling-down studs, of which, as jircvumsly menlioiKsl. four arc situaierl in 
the front half of the crankcase and four in the rear half. This const me I ion 
i$ clearly shown in sectional view of tlK* cylinder at I Mg. fi58 A. 

The cylinder head, of aluminum alloy, contiuns the valve jxirts. and carrier 
the valve mcchunisin, the loi>m<>si fm birniing a bridge ttr platform which \ut\ 
only siilTcns the casting, but jiImi snp|wirts the valv** giiirlcs and valve siinn^'v 
Around the exluiiisl is»rts the cylinder lxM«l casting is generously finnetl In 
assist in dissij>ating tlu* greater lieal atlaincfl in this locality, and distance pirn**' 
of •‘Invar,** a material llie owfiicient of ex|xinsion of which is negligible, are 
inter|x>se<l lietw'ceii the nuts of llu* Mx'uring .studs arouru) the exhaust |)orls aihl 
the metal of the casting in tmlcr to iiiaintain an even t»re-ssure b\ com|nii 
sating for the difTcrence in e.xpansion of the abnniiiuni head ainl the steel 
studs. The features of the valve actit»n have been fully described in ;• 
preceding chajiter, 

In the case of the inlet v.ilve jiorts. shallow rccess^'s arc cut in the sUil 
crown and the head casting, to receive jihosphor-lmmzc spigot ring^s. which 
serve to locale the IhuhI, and also to scmI the inlet inirt joint. Chi each side 
of the cylimler hea<l is fomiixl a laiipttl Kiss for the rm*i>tion of the sisirking 
plugs, while a similar but smaller Kiss cm the front of the cylinder bead ac* 
coinmcslates the iion-rtiimi valve of the gas starter system. 'Hie gas tiii"' 
sages for the four valves are so arrangixl that those fi»r the inlet valves (ai 
the l)ack) face aft. w'llh their axes parallel with llie line of flight, while thr 
exhaust valve ])a.s«ige.s arc at right angles with each other, i.e.. at an angle <»f 
45 degrees to the center-iiiic of the crankshaft. 

Bristol Jupiter Oiling System.—The general Inhricalion system of ilr 
Jupiter’* is of the “dry sump’* ty|>e, in which fresh oil is supplied under prc> 
sure from one jmmp, and. after ]tfissiiig through the engine is withdrawn b' 
another known as the scavenger imnip, and relurmxl, via a oociler. to the tanl- 
Certain jiarls arc .supplicxl with oil under dir<.x:t pressure, while others are lubn 
cated liy splash. Oil is dclivmxl umlcr pressure to the cam gear, the big en‘ 
of the nia.ster ctmnccting rod, the nuigncto and oil immp drives, i.e.—gun gc.* 
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drive, and gas-starter distnlnilor drive. Splash lul>nc«itiun l)y the <>il winch 
lias drained from the ]iarts mentHuu'd aly)vi* is su]i]ili(tl tn the pistons, small ends 
nf the connecting roils, wrist pins of arlictilnUsI nwls, main crankshaft roller 
Ijtarings aii<l sf Clerical roller l»caring, and (aj)|»els and cam faces. The valves 
ikr(»|inl>1y receive a certain ainuuiit of liihricalioii frinu oil lliat has jxissecl the 
jiistons. 
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6S8B.<^DiasT«n]8 Showing Con*truction and Inatalladon of Brietol Jupiter VI 
I'Ubrication System. Upper Diagram Shows Circulation of OiL Lower Diagrams 
Outline Construction of Oil Pressure and Scavenging Pumps. 


The scavenger pump (which has a capacity of at»proxiimtely one-third 
•aicr than tluit of the pressure )mni])) colUxis oil from the suiiip unit at the 
of the crankaise, and returns it liy way of an oil cooler, to the main 
tank. From the oil tank the oil runs to the pressure pump under the force 
f gravity as shown at top of Fig. 658 B. 

The oil delivered by the oil pressure pump into the hollow bore of the rear 
of the cranksliaft tosses through the shaft Uire to u duct drillefl in tlte 
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rear wel» of the crank throw, ami thence into the hollow crankpin. Twe 
ducts are drilled radially through the crankjun wall, and their outer end 
emerge on a flat fornwcl r>n the outer face of the ]nn. the oil thus Iwmg admitted, 
to the inner surface of (he ilr»«Ltiug hush, which is inleri^oseil Ix'tween the crank 
pin and the jnasliT rorl hig end. A iuiiiiUt of holes in the Imsh itself pass tin 
nil to the outer surfaeit of the flcwting Imsh, ami thus to the big end of the mastei 
ro<I. From the ends of tin* fltxtiiug hush (he fiil emerges, ami is splaslwd to tiu 
inner surface of the crankcase, cylinders, pistons and sinall ends, etc. 

The main ]>ressure su)>j>ly leaves the inside of the rrankptu through 
duct in the front weh, and this o mil mini cates with a broiul skdlow ollwnv 

4 

forme<l on the front t>onioii of the slut ft. The coinjsmems situatetl uu tin* 
shaft main U^aring. crankshaft siwve and eccentric of cam niech:misin) 
form a cover over this oilwMv and form a reservoir from which the cmn sk*e\r 
is luhricatcil via a grmwc ami hoirs in crankshaft sh*eve. l*'rom the recess lu* 
tween llie two lialves of the cam sleeve huslies the oil is disirilmlct! over tin* 



Fig. 659.—oChart Showing Comparative Power of Varioui Series Bristol Jupiter 

Engines at Altitudes. 

surface of the hushes hy sirtrnl grooves. The intermediate hearing, I.e., tlu 
roller hearing immediately in front of the front weh. is splash Kibricated h\ 
oil thrown ofT fnjm there. Tlic ecccfilric of the cam gear has two reccssc' 
formed on its bore, from which holes communicate with the comiiound phiioi' 
Oil from the pinion ami from the cam sleeve lubricates the rest of the caii» 
mechanism and the front main liearing. A spring-1 oa<led brass ring on tin* 
crankshaft makes contact with the surface of the thrust 1)earing housing, an^' 
prevents the oil fnmi leaking out through the front. 

Of the drives, etc., on the liack of the engine, the white-metal l^earing 
the magneto drive sleeve is supplied with oil by|«issed direct from the putm 
chamber, and le<l hy a duct tlriHwl in each magneto drive spindle to its beai 
ing. A duct in the rear cover leads to the plain Waring of (he CC. driv 




BRISTOL-JUPITER REDUCTION GEAR l.V>5 

spindle, and from there upwards to the spinflU* of the starter distributor. 
In the later types of “Jujiiter* there is asi cxtmial uil |>ij>c which supplies the 
upper part of the gas .starter <listribtitor. 

As regards the scavenger system. sur|>]us oil drains from tlw front main 
oranksliafl fxtaring thnmgh holes in tlic fixitl internal gear jJate into the front 
cover, and from there through a isissigc coiiinunncatnig with tlie front “leg * 
of the external sninp under the engine. 'I'he oil from the interior of the 
crankcase drains, through holes in the liottoni, liiM the rear “leg^’* of the sump. 
At the lowest jxnnl of tlx* rear wall of (Ik crankcase iIhtc is a hole thiough 
which drains the oil from tlie various asM*nihlk*s on the rear cover. 


Bevel pinion 


Bevel gear 


Bevel seer 
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hub shaft 



Hub drive 
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Pinion carrier 
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Fig. 660.»The Jupiter Reduction Geer Uses Bevel Pinions and Gears and is of the 
Farman Type. It is a Modification of the Differential Gearing of Automobiles. 

The two oil puni|>s. pressure and scavenger, are of lltc gear tyiKs and form 
• 'iic unit, housed in a cliainlx.T in the rear cover of the engine. This chamlier 
‘onunuuic.ates with the rear end of the ht>l(ow crankshaft. I'nnned hilogr.'illy 
with the rear cover arc two horizontal cylindric.il filter chanilicrs placed one 
Ml each side of the jmmp unit, that on the right Ivni^ing ilie scavenger filter, 
:in<l that on the left the pressure filter. T)k miter cuds of the filter chambers 
ire closed by hollow screwed plugs, and to thest* arc attache^l the filters them* 
'•elves. 

The puDi)) unit is I mill up in sections claniix'd togetlxr lictween end plale.t 
'•y four long bolts, and Ihc rear end plate carries a jiressure relief valve, The 
huiiinum gears which fr»nn the puiu)>s c<mi|>rise driving ]>iiiiotis and idler pin** 
IIS. .and are mounted on Ixillow iwr.allel siniidles. Tin* upixT is the drive spindle, 
lias f<jrm«l on it two grooves engaging with dogs formed in the driving 
^ears of both ptinips. 'I'he ililTerence in capacity iKHwfcu ]>rcssure pump 
and scavenger pump is obtained hy luakiug the | mi ion of the latter longer 
dian the former. Tlic idler spindle (the lower) is of larger diameter than the 
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driver spindle, and serves to convey tin? oil from ihe pressure ]nimp to iK 
crankshaft. 'I’hc sectional views at Fig. 058 B should explain tlw.* arraujrenient 
The Salmson AB9 Engine.— The air»C(K>lcd AH9 eti^dnc was register* ' 
on the fifth of Auj'usl, 1924. at a nominal iM>\ver oi 230 horsepower for 1.700 
r.p.m. It w.is fitted to the four engine Uleriot machine piloted l>y liix(*i 



and Vilicchanoiix at the “Grand Prix des avioiis dc Trausp4»rt“ 20lli-24il> 
August. l')J4. In spile <d uiifavorahle alniuNplicric runditifuis niul thou^l 
it was llie first lime this engine W'as filled to a machine, it accomplished 
the three return flights bclwceji J^aris and Bordeaux, i.c., 3,090 kilomcter> 



SALMS(iN \W l•N^INK 


\M>7 


ill ihrcc ccniscculivc days wicltmit tin* t»cciirrt'iic(* of ihc slightest Iroiilde. 
I'lie average speed for the last Ih>rfleaux-Paris was over 2(X) kilo- 

loeters per hour. 

The AI^^)—2.V> horscjxivvcr enjiinr. as shown at h'i^. Ud, is luiw ucluaUy 
rilled to the following machines: l.athani hydrojdane with calajmll start 
Twin etiffinc Faniian machine, commercial type Goliath. Training Morane- 
Saiilnier machine 120 KT 2 type. Training Canclrori machine. (' 59 type. 

Usetl on the CruKlrnn machine the A)t<) eni^ine of 250 horsepower put 
np the following performance's hitherto imattuined: 


S.iliioirti riiKMH’ 

AUV type—.'JO Hp 
toon m in 2 min 2n <ec. 

2.UKi ni in 5 mm 17 

m in inin 112 hv. 

4,<jnn 111 ill 1,1 mill 4 k mx . 

,V00n m in 2.1 min. 11 *rc. 

$.A2U m. Ill .M tiiiri IM 


iMlur make waUT«rii»»1ri1 liiKiiu* 
Ilf ffiiial weiulU 
I.OOn m ill 4 mill. M) hi*c, 

2.1X111 m in 14 min 1X1 <.(v. 

.•.IXHJ m Ml 17 min. 24 stx. 

4.1XXI m in 2*> min. IW stx. 

4,.t2li ni ill .IS mm 2*> "xv. 


Tl will he seen that the rellin|» for this machine which was limited to 
meters willi an engine of another make, attained .^,420 meters with 
(lie Sahnsiin AH9—2.50 horsepower eni^ine. 

Characteristics.—'I'he AU^*—2.50 horsepower engine is of the stationary 
III dial, air-cooled and four-stroke tyjie. having nine cy I imlers. T5ore: 125 
millimeters, stroke 170 millinKiers. ciihic capacity 1K.7h5 cnhic centimeters, 
vi>m]iressiivn ratio 5 to 5 4. The motor is siis|»emlfd hy the rear crankcase. 
Xiiniiiial IMAVer at l,7(X) r.p.m . 2.k) 1nirse|Miwer. ctlmders in the wind, hnel 
and oil coiisnmption at 1.700 r.p.m. deve1ophi|' 2.50 horsepower: 

.Aviation Pctr(»1 Cantor Oil 

IVr hour. 5h k^rs. .55 4 k)»R. 6 

Per horsepower hour. 245 gr. 20 gr. • 


The enjjine dimensions are: lonpili one nieter. diameter one meter 
cijfhlecn millimeters, IUnjyine in coiiii)lete rnniiing onler with propeller 
Imf). carlmretor ami maKuclos. wltlumt silencer, weighs 265 kilograms. The 
A 1^9 cnifine is adapted for nse as a tractor or pn.sher. the propeller being 
inomUed direct on the crankshaft which is fitted with double thrust hear- 
itiijs for this purpose, The engine revolves in a clockw'isc direction for 
an (ihsen’cr slan<ling in front of the engine and hniking at the proj>eUer. 
AUbough easily started with the propeller hy means of a starter magneto, 
Ihc engine is provhled with a distributor fitted at the front allowing a start 
from compression. 

The nine steel cylinders arc fitted with alnminiim-finne<l jackets and are 
hxed separately on the crankca.se hy studs and therefore can he removed 
independently of each <»lher. The master connecting rod. which is balanced 
’*n<l made of special steel, revolves on a white metal lined central hearing 
‘•f large dimensions. The crankshaft of nickel-chrome steel carries two 
^‘luinterweights .so arranged as to balance the whole group of connecting 
I’ods in all their positions and at all speeds. The distribution operated by 
a circular cam acts on the valves through roller tappets, rockers and ad- 
instable rods. A single inlet pii>e located in rear crankcase feeds each cyl- 
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inder aiul receives the jjases from a manifold connected to the carburetni 
which is fitted with an aiiUnnatic allimetric correctcr. Ipnifion is hy 
Salnison niapiictus (j<j O, |\i»c 2^. and two phiys |>er cylinder. I.nbricatirni 
is ciTected hy i>unii> return in to lank the oil collected from crankcase. 
circular manifold forming: nn exhaust silencer and fitted with clearing jupcs 
is supi>lied on sjiecial order. Tlic arranKcuient of this silencer and manj« 
fold ks clearly shown m the tirojieller end view of the engine. 



Fig. 662.~Three*Qu4rter View of Menaeco-Salmson Nine-Cylinder Air-Cooled Redial 

Engine. 

Menasoo-Salmson Engine Model B2.-—The Menasco Motors Company 
Los Angele.s. California, are converting original French Z9 water-cooled 
Salmson engines to what they term the motlel H2 Menasco-Salmson nino- 
cylinder radial air<oole(l engine ilcveloping 260 horseimwer. I'he con¬ 
verted engine is shown at Fig. 662 and the sectional view at Fig. 663 clearly 



MENASCO-SALMSON ENGINE 
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^'ig. 663^SMtional View of Menasco-Silmson Aircraft Engine, Model 62. Showing 

Construction of Parts. 

lunvs the internal consiruclimi. A eroup ot the important parts are 
hown at Fip. 664. The principal changes from the original French engine 
ncliuie cylinders, pistons, all bearings, valves, magneto mounting, intake 
'umifolil, <»il pump anti oil circnlathig system. In fact, about W) per cent 
'*1 the converted engine is of domestic maiuifactiire. 

The cylinder construction used is that In which a cast alloy head with 
nilegrally Ranged jacket member is assembled on a steel sleeve or barrel 
^vhich does not have any Ranges machined thereon. The crankcase is 
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divided on ihc engine center line which makes it jiossihlc to hold the cy] 
imkT 2 » in place hy cluin|«n(; tlK'ni in suitahle U>ws <m the honsinij* the lower 
end of the cyliinler barrel beinj* provided with flanges inachincd thereon ti* 
locate the cyliinler. The hiy end bcarinjjs <»f the master connedinj* rcnl an 
of the hall bcariui^ type as used on the Gnome cnjjinc and alsii found on 
recent models of the Kyan-Siemens and other motors, 't'hu crankcase hall 



Fi|. 664._Group of Iiripon^nt Parti of MenaacO'Salmaon Aircraft Engine. A- 

Cylinder. Showing Valve Mechanlim Encloaure. ^—Divided Alloy Crankcaie. C- 
Maater Rod and One of the Link Rods. D-^Crankihaft and Propeller Hub. 


or SVC I ion at the frrml Carrie*^ a nosr piece aiul a o lindncal mem her housinj: 
ill the vahe liflinj^; cano^ ami carryin;; I he cam foMoners. The crankshaft 
isMinnle in two jncces, the tajH^red end of the crank)mi hein^ ti|;hlly forced 
tnlo a female taper inachinctl in the anti*pio)»eller end crank weh hv a 
clampiniJ member that screws into the crankjdn. T hi»» ctiitslruction make-* 
it |K»ssihle \i» install the bi|ren<l ball beariiiKs w I) bon I diHicitlly. 'Phe cninK* 
shaft assemhiv revolves on two Inrye hall hearing: 


A AS jl 


^ 


i4 ^ 


The front iiart r»r jirojicller cud of the craukOiafi carries counlerwcitfht 
inemhers that are bolted on bill the rear connlerweiKlU is intccrally. 

The valve ^car is all enclosed and the eii^mc is remarkably clean in exterior 
arranpemenl. The main dtnicnsnMis are niwt) in the assembly drawing af 

Fig. 665. 


Sl’iriKIt ATKINS 


Nine eyhndrr fixed radial nj»c. 

Power ranjfc, 2Jn-290 Hp. at 1150 1 1750 

R.PM- 

Cniising sfKrOil approx miilely J.VkI UOO R. 
P.M. at which 6|>ct;d llw power mitpin i 
is 250 Hp. and tlw fuel coii>ump 1 ioii is 

12 nf gasoline an«l tt»w quart of 

oil tier hour. 

Weight. 540 Pis. dry» jiKludiuy proiiclkf 

huh. 

Overall (hanivtcr A\)*A inclicv. 


All working parts endowed. 

Uiie piece masier conncctim; rod and hml* 
lip crankdiaft 

(jrouping of all accessories at rear of eiiK>"* 

Huai niapwto IgnitKni supplied by two nuu* 
iicto.s friHii rear id engine. 

Dual Zenith carburetor. 

Scavenger pump incorporated, in^iiruic 
dry crankcase and froeilom from foiiln 
troubles, even ai the slow'cst i<Uing >pcc«5 
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Fig. MS-Ouriine Drawing Showing Installation Dim.nsions of 260 Horaopower Menaaco-Salmaon AvUtion Engine. 
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Curtiss Chieftain En^ne.—Flijjht tests were recently completed at Mil 
chcl Field, N. Y-, on tlic new 600 linrsej^ower Curtiss “ChicJlain*’ one o( 
ihc largc*il air-coi>lcd .aircraft enjjincs in this country. The tests were con 
ducted with the eiif^ine in.stalied in a two-seater Curtiss Falcon, standard 
observation and attack plane «>f the Army Air Corps. The jdaiie was flown 
by l.ient. K. 1*. Gaines. Army I'llot stationed at the Curtiss factory, and by 
“Casey** Jones, veteran Curtiss inlot. lupiipped with the “Chieftain*’ en 
irinc, the “Falcon** showed a jicrfonnance that was sut>erinr to that of an\ 
cdhcr two-scaler in the service. Its top si>ecd was 158 miles ]ier hour, and 
the Skcrvicc ceiling feet, while the initial rate of cMinh was l,H70 feel 
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Fig. 6(6 A.^View of the Curtiat **Chiefujn.'’ a Twelve-Cylinder Aviation Engine 
of the Hexagon Type. A Showa Propeller Drive End Viewed at an Angle. 

per niinnle. The tiiost remarkahle feature of tin's perhirmance is the s()Ced 
of 158 miles ]»ct hour, w'hich t.s exactly the same as Cimid he obtained frniii 
a \valcr-c*»oled etij^iiie of the same jMover in the same phnic. Curtiss engi¬ 
neers point out that tins is the first time iii history that air-conled engine' 
have been able to Ci mi pete directly w*iih w.ater-c«»<»lcd types in pure siwcd 
Usually, the siihstitiitiou of an air-coolcd engine for a water-cooled engine 
of the same power, while producing improved climb and ceiling, has re¬ 
sulted in a sacrifice of several miles per hour in top speed. The cxcellcni 
speed characteristics of the Chieftain engine is due to its unusual design, 
w'hich is different from that of any <ithcr air-cooled engine, Instead o? 
having one row of cylinders arranged radially, as is the common practice 
the Chieftain has two rows one behind the other, with six cylinder.*?, ar 

ranged hcxagonally. in each radial group. This arrangement materially 
reduces the overall diameter of the engine, thus reducing the head resisi* 
ance and increasing the high speed and is shown at Fig. 666 C which b 
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a direct side view. The frontal area per horsepower of the Chieftain engine 
IS approximately one half of the conventional nine-cylinder air-cooled en¬ 
gine. The Chieftain engine has been under development by the Curtiss 
company for over two years, with the assistance and guidance of the Air 
Services, It performed excellently throughout the trials. 

According to Arthur Nutt. Chief Engineer of the Curtiss Aeroplane 
and Motor Co.. Inc., it was in April, 1926. that a systematic study was first 
vtarted on the design of a 660 horseiHiwer 5Mr“Coc»le<l aircraft engine. The 
first steps in this study were to analyze the types of engines in use at that 
lime and then to slinly the possibilities of the dilTereiit forms of engines 
which would he suitable m the large size C4»nleinj>)ated- 'Ehe lype.s that 


Cooling 
air tattle 
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- 


Cooling ' 

■Ip haffU , 

Kig, 666B.»Direct Front View of Curtiss “Chieftain" Twelve Cylinder Aviation Engine. 


"cre finally selected for study were as follows: Nine Cylinder Single Row 
K.'idial. Fourteen Cylinder Two Row Radial, Sixteen Cylinder X. Twelve 
’ yhnder Vcc, Twelve Cyliinler Hexagon. In making this study ten im- 
I'ortant characteristics were borne in mind. 1. l.<iw weight per horsepower. 
- Head resistance an<l pnipeller efficiency. 3. X’isihility from the pilot's 
‘ockpit. 4. High crankshaft s]>eed. 5. Overhead valve gear for high speed. 

Exhaust arrangement 7. Control of cooling air. 8. Application of rc- 
‘Itiction gears. 9. Overall dimensions particularly diameter and length. 
JO. Smoothness of operation. 

Nine Cylinder Single Row Radial.—This type would require an engine 
d from 1,800 to 1,900 cubic inches to develop about 000 bnikc-horsepowcr 
‘t a speed in the neighborhood of 1,900 which is probably a rather 

ptimistic speed at which to cx}K*ct to run an engine of this {lower and displace¬ 
ment, owing to the fact that the size of the cylinder bore is reaching a jKiinl whore 
*'X)ling is difficult and the reciprocating weights on one crankpin (even 
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though it may l>c of the split crankshaft and solid big end type) would hv 
a difficult problem- The <mlside diameter of a nine cylinder radial engine 
of this power won hi be 56 inches to (lO inches in diameter which presents a 
very 1ar)»e frontal area with severe blanketing <if the |)ropcllcr, resulting in 
poor j)r<)pellcr eOiciency. The added diumelcT increases the resistance 
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Fif. 666C.—Direct Side View of the Curtiss R-1600 “Chieftain” Engine* a 600 Horse* 

povrtT Twelve-Cylinder Air-Cooled Hexagon Type. 


much that it has been found hv experience that the larger radial engine^ 
in pursuit planes make practically no more sj)ectl than the lower hoTs^epower 
radial engines with the smaller diameters. Of course, the rate of climb is 
increased but this docs not offset the <lisad\ antagr of carrying high powered 
engines using more fuel without gaining more top speed. 

The exhaust problem on a nine cylinder radial becomes more difficuH 
as the size of the engine increases. The manifold must be made very large 
in order to decrease the hack pressure. The manifolding assembly then 
becomes very heavy, unreliable and cumbersome, resulting in the necessity 
of locating it bctw'ecn the propeller and cylinclers where it undoubtedly 
a delrimenlal effect on the cylinder c<Kiling as well as making the cylinder** 
very inaccessible. A large diameter radial engine doc-s not lend itself ti* 
good cowling an<l the adaptation of shutter.*, for Cimtrol of cylinder lein 
peratures and oil temperatures under various weather conditions. It ^ 
necessary to use push rod valve mechanism with the attendant difficulty oi 
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lubrication of the rocker arms. an<I Oie hall an<l socket joints. The lubrica¬ 
tion cannot be fully nutonialic without acldinjf u great many |>ipe fittings 
;umI tubing which w<mbl not be reliable, w<»ubl increase the expense and 
would be very unsatisfactory. 

Fourteen*Cylinder Two Row Radial.— I'liis type of engine has hcen used 
by several mamifacturers in ]Mnvers up to 45i) h<*rsepo\vcr, and is objcclion- 
nlde on account of the lack iif satisfactory cooling of the rear row of cylin* 
ders, since the cylinder spacing is so clo^e when the outride diameter of 
I he engdne is held a inminiiun that the rear cylinders get hot air from 
ilie front cyliinlers. 'J'he j>^ 1 ^h rod valve iiiecliani'*ni is also unsatisfactory 
*►11 account of llie necessitv of staggering tlie cylniders to a groat degree in 
order lo keep (lie engine diameter down, resulting in high ungtilariiy on the 
juish rods an<l jiossihilities of iucrea.sed wear on these j»arts. The weight 
jier horsepower on the douhle row radial is slightly higher than the single 
row radial hut it lias the advantage of a small iliumctcr which was the 
reason f<‘r investig^almg this ty)>e of engine. The disfilacetnenl would have 
iw he approximately l.SOtl cubic inches, which wouUI allow smaller cylin¬ 
ders than Ciuild be iditaiiied In a nine cylinder ty}»e. Jloth these engines, 
the nine c\limkT radial and fourteen cyliniler using tmsh rod valve gears. 
:irc iirobably limited in engine stweil, although thi.s engine s])ecd has in the 
jiast few years been increastnl slight I v over what was originally thought 
coiihl he useil with this type of valve gear. There is no ipieslion, luiwcver. 
that the ])ush nul valve gear is inferior to the overhead type when high 
engine speetls are used. 

Sixteen-Cylinder X.—H'he X sixtcen-cylindcr engine has not been given 
a great deal of c<nisideratioii on account of the large number of cylinders 
making the engine more cspensive and the necessity of using very heavy 
cianiterhalances on the crankshaft to make llie engdne run smooth. The 
engine windtl also he hea\ier limn tbg radial types mi account of the longer 
ciankshaft, although tlic diameter would be very satisfactory. 

Twelve-Cylinder Vee.—'I'liis tyt>e of engine has Wvn built successfully 
With air cooling, it has one very great objection, namely, its overall length 
which automatically gives a high weight jicr horscjiower as compared with 
the other types of air-ccKiled engines. This overall length is necessary on 
account of the large cylinder centers necessary to get cooling on eacli cyl- 
Muter barrel and on llie cylimler head. The air-cooled \'ee engine Is eight 
‘►r ten inches buigcr than a water-vooled engine i»f the same bore. h<iwever, 
die engine has a very great advantage of being able to run at high engine 
)feeds on account of the overhead valve gear and the light reciprocating 
oil the crankshaft. Tlie exhaust arrangement i.s very satisfactory, 
l articularly when the engine is built in the inverted form. The cooling 
Ir to the cylinders can be controlled by moans of shutters, if necessary, 
Mid the air to the crankcase can also he rontrolle<l by shutters. One of the 
^ggest problems with this engine, however, is proper intake manifolding. 

Considering all of these types of engines the rotary inductor and super- 
barger have been included in the study of the design, therefore, when con- 
'vciing the supercharger in the Vee engine to the cylinders, the straight 

gallery type manifolds have usually been employed which are extremely 
‘^satisfactory at high altitude, nwing to the fact that the gas distribution 
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with this tyj)C of nianifohl is very p<H)r. The enpiiie runs very well at sea 
level where the niatiifuMs are not subjected to the cold air blast and where 
the heal of the mixture i'' higher owinjj to the hijjher initial teniperaUire 
of the charjje. In «»rdcr tc‘ ajiply a saiisfacitiry manifold to this enjjiiie 
weight and frontal area arc increased, inasmuch as the inanlfnld arran^^C' 
meiit must he on the outside of the cylinder hanks. 

Twelve-Cylinder Hexagon Type.—After making' the al»nve Minly it was 
decided to atlem|)t a ctmihinatiim <»f the ra<1ial and Vec engine which would 
satisfactorily comhine the g4K»d features and do away w'ith the objectionable 
features of both. The type 4»f engine selected is that for which the Curtiss 
company has colnetl the name **Hcxagoii.“ In other w ords, the Vee engine 
was cut into three seelion.s, these sections of four cylinder Vee engines 
being jdaced in ra<lial form 131) degrees apart, resulting in a two row radial 
twch c-cybmler engine, one row tlirectly behind the tjlluT. Hy blanking 
off the rear end of the exhaust ^’ee in each of the three Vecs, Vee engine 
cooling w'as obtained. 

The feature of the low weight per horsepower of the radial W'as partially 
maintained, as there is no (|uestiotk that the single r(»w radial is the lightest 
form of engine at a given r.p.nt. and displaccmeiil that is knuw'n today. 
However, hy increasing the engine crankshaft speed this difference was 
offset. Second, the head rcsislunce was kept very Uivv, the engnne outside 
diameter bring 45 inches, and the cowling diameter 3V inches, wliich results 
in high jiropellcr efficiency as tlie ratio of the <bainelcr of the propeller to 
the diameter of the engine becomes larger than on the big radial engines, 
leaving the pr<ipeUcr in clear unubstrncte<i air in a symmetrical form 
around the engine. In tact, the pro] idler has les.s tin tier when ojierating in 
front of a syminclnca) body than it would behind a form of engine such as 
the inverted Vee, particularly if the projicller runs very close io the engine. 
On account of the small diameter and a short engine very high visibility 
was obtained. With six cyliiidcrb in a rathal n»w there urc large spaces. 
60 degrees between each cylinder hank, which permits vihibility as obtaine<l 
on a 3M-ii)cli diameter since the 45-iiich diameter prevails only at the over¬ 
head valve g^car covers which extend for only a \ery short part of the cir¬ 
cumference and are slreamlincd easily. 

With only six cylinders on a crankpin the w'cight of reciprocating parts 
was greatly reduced permitting higher crankshaft sj>eeds. Overhead valve 
gear similar in design to the 013 valve ge^ar was used which again per¬ 
mitted the higher crankshaft speeds. The exhaust arrangement is exactly 
the same as on any \'ee engine with the addition of an extra row of exhaust 
ports at the bottom of the engine w'hich can be manifolded with a muffler 
in a single row at the tw*o .sides and bottom adding practically no head 
resistance and not interfering with visibility. The cooling air to the cylin¬ 
ders can be controlled as cm the Vee engine. Reduction gears of either the 
concentric type or the spur type can be used, the latter possibility being a 
very great advantage on the engine and one which cannot he used on an> 
other form of engine without interfering with cylinder cooling or increasing 
the frontal area of the engine, as would he the case on the inverted Vec 
engine should the reduction gear ur the spur type be raised above the crank¬ 
shaft center line. The application of the .<(pur gears in this way on the in* 
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vcrtetl Vee en^jine would also entirely ruin the visibility from I he pilot’s 
rockpit. The sjnxr reduction jjears would n*it interfere with cowling or visi» 
hdily on the Hexagon engine and lliey would raise the center of the propel¬ 
ler shaft, giving more clearance for the propeller which naturally would be 
larger in diameter if run at a &li»wer sjxecd. The overall length of the Hexa¬ 
gon type of engine is only about eight inches more than the single row 
is'pe which is a ncgligilde figure when the installation in an airplane is 
considered. There is also no tjuesliun that the larg'cr the number of cylin¬ 
ders on an engnne of tliis jiower the snnHither the operation of the engine 
will be. 'rweivc cyliniler lor<]ne has been <leiMtMistralc<l repeatedly to be 
wry mnch more satisfactory than the lor<|ne fnnn %'i smaller jnnnl>er of 
c\linders of llie same size when the engine is run at the same crankshaft 
vpccd. 



f is* 666D.^An Interesting Contrast in Design. The First Air-Cooled Curtiss Vee 
Aviation Engine was Tested on a Motorcycle. Compare This with the **Chieftain^ En¬ 
gine Shown Above It. 


It is not ]>oh.sililo to coiiitdetoly linlanee the iiine-c\linder radial engine 
■T any other single row engine using the articidated type of rods. These 
e ngines do not run as smooth as the twelve cylinder, hut they have been 
ound to he satisfactory in service. The balance of the articulated rods on 
he Hexagon type is perfect, inasmuch as one row of the cylinders com- 
• letely balances nut the other row of cylinders on the opposite crank throw 
md it was only necessary to put enough balance weights on the crankshaft 
o take care of the unbalanced couple existing. 
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Th? above outline tlcscrihes roit^jhly the arrangement of the engine, 
however, a few details making this combination possible are given below 
The cylinder construction is of the conventional tyj>e with the cxceplif>i 
that a four valve flat head cylinder is used similar to the water-cooled Con 
queror engine. Bronze seats are inserted in the aluminum cylinder hear^ 
and the steel cylinder is screwed in the aluminum head in the usual mannei 
Each cylinder in a bank has a large pilot on the top end which fits into ;i 
casting bridging the two cylinders. This casting is held in place with stiul* 
and nuts and carries the double camshaft bearings. The two canishafi* 
on each hank of Uva cylinders arc driven t»y sjuir gears at the propeller end, 
one of these spur gears being niounled on an itller shaft below the t\\<. 
camshafts. The idler shaft is driven through bevels and a master gear mi 
the front etui of the crankshaft, all of the vertical shafts being <lrivcii fn»iir 
this master gear. Each pair of camshafts has a serrated face coupling fi>r 
timing adjustment. 

The crankshaft, which is a two ihrcuv. IW) degree crank, is mounle<l on 
two Nonna-HofTinaii roller bearings one at each end. The center niuin 
steel hacked habfiitt line<( hearing is niounteil on a large S]>ht circular be;<r 
ing sujjpori which is large enough to clear both crankpius cnahling ibe 
shaft to be dropped \n\o the crankcase which is of the barrel tvjie. 'I'lir 
crankcase is sjdit at right angles to the crankshaft belween the two rov\ • 
of SIX cylinders being bohetl together on inverted flanges on the inside of 
the crankcase before the cylinders are put in place. This gives a very clciui 
exterior on the crankcase and the inlerna! (lange forms a sniqiort for tin* 
center main bearings. The nose piece on this engine vvliich is clearly shown 
at Eigs. 665 and coiuanis tmly the cluster of bevel gears for <lnN ing the 
camshaft, and the oil pressure strainer. The strainer is located at this einl 
of the engine for the purpose of accessibility and permits the use of an oil 
seal for forcing oil into the crankshaft for lubrication pur]u»ses. A large 
deep groove ball bearing fur lK)th nidial and thrust piirj>oses is usvfl at the 
forward end of the no.^e of the engine on the crankshaft. 

The connecting ro<ls are of the split type, very carefully keyed logelluT 
with integral keys. Owing^to the fact that the number of cyliiulers an* 
even, the rotls are perfectly symmetrical permilling the bolls to be placed 
very clo.se to the babbitt lined bearing sbclls. thus eliininaliiig the hig objec¬ 
tion which is ahvaj's present in u radial engine wdth an odd uunther of 
cylinders in a row. The c<mnecting rod in the single row railial engine uni'll 
l)e unsyni metrical making ii very hard to gel a satisfactory bolting arrange 
menl on the sjdit connecting hkI, Pistons are of the hollow head type and 
are of the conventional ribbe<l <lesigii which have been used by Curtiss for 
many years. 

The engine is fitted w ith a rotary inductor or supercharger which wilt 
give sea level pow'er at 12.000 feet. It i.s of the General Electric Company’' 
centrifugal type and is mounted in the rear of the engine as shown at Fig 
666 C. being driven by four spur gears, l\vi> l>elng on a jackshaft. One inai’ 
shaft is carried through the diffuser of the supercharger to drive all acces 
sories which are mounted on the back of the engine. A very unusual an* 
novel method of mounting accessories has been employed on this engine 
All accessories are mounted in such a that they are accessible ivhci 

an engine is installed in an airplane. 
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The starter and ina^nieto arc mounted on opposite ends of a horizontal 
cross shaft driven fnmi very lar^c bevel fjears from the shaft which was 
carried through the diffuser. This same shaft through the diffuser carries 
a larger helical gear which <lrivcs tuo verlical shafts in the rear gcarcase. 
Two distributors arc driven from helical gears fruiii each ol these two 
^liafts. the oil pump being driven off the lower end of one of these shafts 
and the ga.Mdinc pump off the lots er end of the other shaft. The generator 
IS iiumuled in a vertical |K»sttitin, on the top ut the gearcasc driving through 
iirve) gears. In other w(jr<ls, there are only three bevel gears ou the rear 
riid <d the engine, driving ucce^M»^lv^. In nd<litu>n the oil puinj) is <1rivcn 



667 A and B.—'Views Showing Installation of Curtiss *Xhteftain" Engine in U. S. 
Army Airplane. Note Effective Cowling Possible and Smooth Entry of Noae of 

Plane Pitted with Heaagon Type Engine. 

’•■oin the lower cud of one ai these shafts and the fuel pump from the lower 
' nd of the other. The generator is mounted in a vertical position on top 
'I the gearcase. and is driven through bevel gears. There are thus three 
' •'vd gears at the rear end of the engine for <1 riving accessories. The two gun 
onlrol drives are taken from the top ends of the vertical shafts, while the 
ichoroeter drives are taken from the rear ends of the camshafts, as desired. 

A carburetor intake elbow* is cast integral with the rear gvarcase and a 
'••gle Stromberg carliuretor with ecunomizer is fitted. Lubrication is by 
'ic regular Curtiss system, to which have been a<hled a number of .special 
m atures that will be described. Oil from the pressure pump is led through 
^lecl tube to the pressure oil strainer on the nose of the engine; it passes 




1380 


MODERN AVIATION ENGINES 


through this strainer into the crankshaft and thcncc to the two connecting 
rod bearings and the center main hearing, which is a plain bearing. To the 
bearings of all the articulated rmls the oil is index-fed. and the spray frotn 
these bearings hihrirales the cylinder walls and the piston pin hearings 
Oil under pressure is index-fed to all of the plain bearings in the gearcasr 
of the engine and also to the hall and roller bearings wherever this \va> 
found necessary Oil is conducted to the camshaft bearings through the 
vertical drive shafts and is returned to the mam crankcase by gcartype od 
pump.s formed hy casings hiidt aroniul the spur geaf'^ which drive the cam¬ 
shafts. Making these gears do the additi<»nal <lnty of oil pumps called for 
very little weight increase. 'rw<» in am scavenging oil immt>s arc provided, 
one taking oil from llie front an<l llu* other from the rear en<] of the engine, 
both rclurnnig the rnl to an <Mitsi<lc lank. 

One of the nu»st interesting features of the engnne is (he manner ui 

which the co<dnig' prohicrn has been .solved. In the ]ia>t it has been coiv 

sidere<l a very chriicnll task t<» assure eipial c»K»ling <if a»r-cn<ded cylinders 

where one or more of a hank are masked h> the fi»ruard cvhmler thereof 

« 0 

In the C hieftain every <»tluT siu'ice between cylinder banks is luafllctl at the 
rear hy a plate to which the cowl is fitle<l snugly. 'Plic air current iinluccil 
hy the nioiiini of ihe plane, iij«ni striking this baffle, is ilellected sideways 
against the rear cylinders and c‘nii|‘cllcd to pass through the space helw'ccii 
the two cyliiicicrs of a l»aiik and around the back side of the rear cylinder, 
from the exhaust C(»in])urlmcni to the inlet compartment, rroni the inlet 
coniparlmcnl it passes into a space m the fuselage hack of tlie engine, 
whence it cscajies through louvres in the c*nvhiig at the forward part of 
the Curtiss Falcon plane. 

Another interesting problem cimneeled with the design of this engine 
was that of the firing i»r<lcr. A single r<»w' radial engine reciuircs an ini 
equal number of cylinders'if rxpli»siotiK arc to he c(|nally space<l, In analyz¬ 
ings the problem as relating to the hexagon it was found ]>ossihle to 

jump from the front tcj the hack row and the front again. Explosions 
evidently must he spaced 00 degrees <»f crank motion, which is the angular 
distance between cylinder hanks. Tims, after one forward cyliiHler lia^ 
been fired, the cylinder next f<»rward in (he direction of rotation (chickwdse) 
may he fired, or. alternately, the rear cylinder of the hank directly <‘ppoMlc 
this one. Thus there are at least three pt»ssiblc firings onlers. Of thc^c 
the one in which front and rear cylinders alway.s succeed one another wa'^ 
chosen. 


The tests conducted on this engine during the jiast eight months have 
indicated that the engine is a very satisfactory type. It develops 015 brake 
horsepower at 2,200r.p.in. The weight, including exhaust flanges, exhaust 
healer, including the hcalri on the induction pas>agc elbow aiul (he throttle 
barrels of the carburetor (this w'eight is not usually included in the weight 
of air-cooled engines as built t<iday) is 900 ixmnds, which gives a specific 
weight of 1.46 pounds per horscjKiwcr which compares very favorably with 
any air-cooled engine built today. The frontal area per horsepower of thi‘ 
type of engine is approximately one-half of the nine-cylinder engine of th' 
same horsepower. This engine has the same frontal area with less hea< 
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resistance on account of its belter aspect ratio than the conventional 200 
horsepower ra<lial engine an«l with this decreased head resistance it has 
ihc advantage of over three limes the horsepower. The engine has been 
developed primarily for jntrsuil and observatinn types of airplanes but with 
future development and the adaptation of reduction gears it promises to 
l)e a satisfactory engine (or sUnver types of jdanes. 


CHAPAtTRRiSTICS—CURTISS CHIKFTAJN RKiOO ENGINE 
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MimM 

Ty|H' of cMKmv. 

No of 

AriaiiKt’nu'iil (»1 ('yliiidris 


Di.i of CMBim*. 

Did of cowUni; . 

Ilorc. 

Stroke . 

I ii%placcrm*oi 

HHp ... 

iKmUon 

C4irluirdi»r .. ... 

KucI con^uniplitto crniMna 
<)il roi)«. II nipt loll 

Si »(*<•• I of |m>i»ellrr 
Kotalioit of (KOTH’Urr .. . 

Wflljlll I'llKHU* 


hf-pHlO 

.Sialic Air Ccxilcd Hc^riKoii 

I > 

. 2 nidial rows of (i. froiii 

ryUiwIcm dirciily in 
Hue wilh r^ar cylinders 

.45 Ml 

..W In 
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.U2U III |icr h hp Ur, 

.(*rankshafr 

.CkKkwi'e 

.UtMl III. 


Armstrong Siddtley “Leopard** Engine.—Armstrong Sid<lc!ey Motors, 
f .td . ( oveiilrv, Mnglaiul, uImisv airjjIaiH* engines hme been widely iisetl 
a ml wluisc Jaguar nuMlid, ffinrleen-cylnuler air-ccmled radial has been stand- 
;iidi7ed for many \rars p.'i>i has iiriHluce<l a larger and tnodified design 
<*i that tyi>e which has been described in a recent issue of /tttfomotwe /«• 
ifustrics. Known as the Leopard, it bas the same number an<l arrangement 
•‘f cylinders as the Jaguar and billows the same general lines throughout, 
consisting of two “banks** of seven cylinders each mounted radially on the 
crankcase. The new nnKlel, rated at 700*750 horsepower has been designed 
b)r Use in torpecUj, lieavy bombing and load-carrying aircraft, and is be¬ 
lieved to be the most powerful air-cooled radial engine now in production. 
With a b(‘re and stroke of 6 by 75^^ inebes and a comijression ratio nf five to 
• ne, it develops 700 brake-horsepower at 1,500 r.p.m. and 777 brake- 
lorsepower at 1.650 r.pm. Its weight complete for inslallatinn with bearer 
^latc. propeller boss, dual ignition, carburetor, air intake and short exhaust 
i'ljjes is 1,415 i>ounds. 

The principal departure from the Jaguar design is that the induction 
•m, which distributes the mixture to the various cylinders, is geare<l to run 
it a higher speed than the crankshaft in order to obtain a better volumetric 
fTiciency, and that four valves are fitted to each cylin<lcr instead of two, 
Ids being rendered necessary by the increased cylinder capacity. The 
rankcase is a one-t)icce alnminum casting, the front ]>ortion carrying the 
'^PPet guides, a spigot supporting the front cover and Ihc front crankshaft 
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bearing^. The central j«»rli«ni, or l>arrfl, which carries the cylinders, i' 
heavily wchlicd inside and outside, while the rear portion has a spij:jot \>y 
support the indtictioti fan and casing, the fuel pump, carhuretor and \hi 
rear crankshaft bcarini;. 

The sled cylinder harrclb. machined all over, arc secured to the crank 
case by clampinjj rinj^s of wedpe section. The cylinder liea<i, an alum in nm 
casting, finned to secure ihe inaxiiiuim coniing elTect, is screwed an<l shrunk 
on to the cylinder harrcl. where it is secured permanently hy a threa<le(l 
locking ring, the joint being .stcel-tivaluintmun. witlumt gasket of any kind 



Pig. 668A,—Propeller End of Armstrong^Siddeley Fourteen Cylinder Radial Air- 

Cooled Engine. 

The two inlet and two eshausl valves per cylirKler are operated hy rockers, 
which j)ivot on two spindles mounted on the cylinder head- 'I'he siiitnllcs 
at their rear ends arc aiK*luire<l to the U»p of the head; their front ends are 
supported hy a cuinpensaliug bracket which is anchored to a point near ll»c 
bottom of the cylinder head. This bracket is of special steel having a very 
low coefficient of expansion, with the result that the longilinlinal expansion 
of the cylinder has practically no effect on the tappet clearances. 

The valve rockers are ojjerattsl hy push nnls and lappets frenn the cam 
drum, which is located inside the front portitm of the crankcase, the tappet 
clearance adjustment Ix^ing on the pn.sh rods. The valve seals and vahe 
guides are renewalde, the hinner being screwed and shrunk into the head^, 
while the latter are a press fit. The sparkplugs are accommodated i<» 
adapters screwed and pegged Into the heads. The cam drum has three inlet 
cams and three exhati.st cams and rotates at one*sixth crankshaft spceil 
Rollcr.s and tappets transmit the cam motion to the push rods. The pisioin 
are machined all over from "Y” alloy forgings. Each carries two compf^" 
sion and <»ne scraper ring, all three rings l>eing aliove the piston pin, The 
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:iir-hardening-stcet piston pin floats in the ])iston and connecting rod bush, 
and is located axially. 

Each bank of seven cylinders and pistons drives the crankshaft by means 
n{ one master and six auxiliary connecting ri»ds. The large end of each 
master connecting ro<l carries six anchor pins, to which the inner ends 
nf the auxiliary hkIs arc anchorcil. The master cMnnccling n«js ;irc Imshed 
take tile anchor pins, which float in the htishes and arc spaced so as to 
an e«(tial conijircssion ratio in every cylinder. I'lic master connecting 
rods bear on the crank pins by means id white-nicluMed hushes, which are 



Kig. 668B.—Armstrong-SiddeUy Fourteen Cylinder Engine Viewed from Induction 

End. 


nnicle in halves and presented from tnrning in the master rods by dowels. 

The crankshaft is made in our piece aii<l has two throws set 180 degrees 
‘ipart, each craukjnn carrying one master r<Ml aiicl six atixiliary connecting 
lods, It is bored for weight reduction, and the holes serve the purpose of 
distributing the lubricating oil. It is carried by two large roller bearings, 
one located just behind the rear crunk throw and the other just in front of 
die front crank throw. The cranksh.aft extends beyond its front roller hear¬ 
ing and this portion carries the timing gear and cum drum, a Iicvel gear 
I which drives the oil pumps, magnetos, gas distrilnilor and C.C. gun gear), 
imd the propeller thrust i»earing.' The rear end carries the spur gear to 
irivc the induction fan. The front and rear webs of the crankshaft carry 
he nccesisary balance weights. 


Mixture is supplied to the engine by a Clamlel Hobson A.V.T. 100 car- 
urctor through the medium of the induction fan which delivers the mixture 
’'to an annular induction ca.sing. Thence the mixture passes to the cylin¬ 
ders hy means of induction pipes. Exi>criments have proved that the use 
'd an induction fan of this kind very considerably increases the volumetric 
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efficiency of the engine and also gives a perfectly even distribution to al. 
cylindcrs- 

The carburetor is supported on an induction dhow attached to the re:r 
end of the engine, as shown at Fig. 668. the controls and air intake pipe* 
being integral with ihc* carljiirelor an<l engine. Ignition is effected by tu^ 
magnet os, each with fourteen tcnnin.ils ; they are acce'^sihly mounted on tht 
front of the engine as depicted in tlu* front view of the engine at Fig. 66K 
and are bevel-driven from the crankshaft. The oil pnnips arc mounted nn 
the front of the engine and arc also hcvel-dri\en from the crankshaft. The 
pre.ssnrc pump, with relief valve, delivers <»il through a filler ti> the ccntei 
of the crankshaft and iheiice to the connecting rcwls ancl hearings. Al the 
hott<im <jf Ihe crankcase is an <ul sump (o preveni llr»odnig of the hiwei 
cylinders when the engine is stalioiiary, Oil is drawn fnun this sump lu 
a scavenging pnin]» under the pressure pninp. and is <lelivered to the ml 
tank ini the aircraft. On ils way in the tank, the oil passes ihroiigli tlu* 
jacketing of (he carlniretor and induction elhou. thereby positiv<dy heating 
the in cl net II HI sy.sieiii A gear t\pe fuel piinip and relief valve are carried 
at (lie rear end of the engine, u itli a tnchcMiieler drive just nhc»ve: this drive 
projects towar<l the rear of the engine to avoici unnecessarv heinis in the 
taclxuneler flexible shafl. I*nwisicni for jirinnng is inadc by fitting a dis¬ 
tributing ring at the rear of the engine, the ring having sinull branch jujics 
leading to each in<luction pi)>c. each branch |u|h* tenninatnig in a stn.ill 
aloiiiizing' jet. Attached lc» the rear end t»i the engine is a conical bearer 
plate, by means of which the engine is tin united m the aircraft. 


Service Given by Air«Cooled Engines.— Mr. Roy riHldcii. the w*c)1 known 
British engine designer oi air-c*Mjlvd engines read a jva)HT on “Air-C ooled En¬ 
gines in Service** In* fore the Royal \ernuantical .S«iciety which gives .sj»mc very 
instructive data relative to the hfe c»f air-cooUd engines in coninicrcial service 
In a little mure than four years, there has Iren a rcnvirkahle cluuigc over lo 
air-cooled engines for aircraft. Mr Fcddcii stated that ;b large i»ro))orlion 
of British Military aircraft employ iiir-ciKiled radial engines on various tyjK’' 
of machines, and Inilh in ICnglaiul and on the Continent I Ik* uh* of air-cfxiled 
radial engine.s for air trans|iort airtTaft of all ty|*es is almost universal. In 
America, the dcvclojinienl of the air-erwill'll radial engine lias hcen synonymous 
with the general rapkl grow'lh of aviathm. Without exception, the American 
long-d I stance (K'eau flights of the ]«\si two years luive all Uvn made with an* 
c<K>led radial engines. In attempting to give soine in format ion on air-c<K)le<t 
engines in service, lliere arc a large niunlxT of motors to choose from, hut 
only those engines which have lxx*n in extensive iis<* <iver a reasonable pernwl 
of time have liccn consiilcrcd. 

The largest projwirtlon of .aircraft are at jnxscnt engined with air-cooled 
motors, and the fact that this ty|H.* of engine is used so extensively for militaf) 
and commercial work, and will lx used even to a larger extent <lnring the ni"^' 
few years, is sufficient ju.stificatioii for investigating wluil service these eiigim • 
are giving at the present lime, and what .steps can be taken to increase their hi* 
and efficiency. To illttscrate the difficulty in t'limpiling comparable data. H 
interesting to note the difference in man hours shown in the different table. 
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.n lilt* «inic tyjK c»f A broad review of the charts would show about 

t|!jal ivsults from Rrilish and American enj^ues. The follt>winj( fijjures have 
Kcn obtained ihrougli tin- kindness of various firms: 

TAHI.K \0. I 

S^Tvra* Tkiia mi CristMl Jii|iltcr VT Turiiics 
D ata frnm Iniiieruil Air«a>s mi Middk’ K«iNf Kr>uU* 

Numticr c»f inarhim's uperafe»1. 

TyfHJ of iiuicliiMCi ii|jcralcd. 

Number of cnaines. 

PcrimI by cUia. 

Tmul liours’ «i|KTalioii . 

AviTURC hmirV opcralMm |k.t ciiriik* . 

Maximum rvoordnl htmrs. tnw eiiKuii* 

AvcruRi* hours liciuitu overbaul. 

Average man Iwmrs fiir nverlviiil—Wkiiicv 
Awnv.e UMM lumrs for (»vcr1uiil^Natives 

Average (tpcraiiiiR. r.pm. 

Avernee iuv\ coiijmniplioii, caK /iHnir 
AvoruRc oil ct»ii»ump4ioii. isat»/limir . 

TVHI.K NO 2 
SvrsliT Data mi ArnMrmiu SuhMvy JuRtiar IV 
Dau from AniMrong SuhU*U*>, l.td, Jrmu imiK'iial Air wavs Service 
NumlKT of Tnachiiics ofierauil . 

Tyjie of mjichiiics ojnT.ited ..t niKiije»l A S Argosy 

Number of engines . 

I'eriml ci»venti h) .. 

Total hours' ci|MTatkoii. 

Averagi' lioirrs* otn'r.itimi iwr viiRiiie . 

Maxiniiim reeordvrl hours, out* eupiie . . 

Averagt* hours helwt*<*ii (»ver1iauls 400 

AviraRv man-1iours for iwerlianl .. 480 

A Vvf J K e e i*u i s«i«. r ji m. . 1 ,<i25 

Aver.life fuel «*«*nsunipiimi . . . 

Avcruiu' ml s'ousumtitiou .... ... 


5 

3 cngmeil 

l)e 11 Hercules 

2(1 

2 years 

0u»0 

060 

4IX» 

[ \^% 

I..VKI 
19.7 
0 57 


TAHLK NO 3 

^•r\u^ Oiita <iu Gnome d ft I m me Jtipilei ICukiucs inuii Kl.M Koval Dutch Air blue 


Number of marliiue^ o|ii*r:Med. 15 

NiiuiImt of cugmes ojRTalvcl .... . Mi 

PeriiKl covertsl. 3 years 

Total lunirs' «i|>craiiMU . 25.0(10 

Average hours* opera(i«Ki jkt inigiue . KUI 

Maximum rcconleil hours mi one engiue. 1.860 

Maxinuim nuuimg mu* t*ugiiH.* iii our year. 7.35 luiurs 

Average hfiurs iM'iweeu ovcrliaul. 2Mi 

Overhaul staff, skilled. 10 

Overhaul .staff, un.skillcd. 27 

Cost per running hour, hicliulmg mauilviiaiKV. over* 

haul ami siares. 175 sliillings 

Average ofieraiing r.p.m. .. I,55(J 

Average fuel consumptimi. gallutis. |k.t lumr . 20 

Average nil consunTfition. galhmH. per Ivuir. 0 8 

Maii-hmir« for I'omplde owrliaul . 3.32 
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TABLE NO. .U 

KT\kc Data on Gnome cl Rbr>nc Juphcf IV' Ktikiiics Collcclcd (rom 
Air Lines tm Ivlevcn Enpincs of Total Running 

Contponcm 


Crankcase . 

Crankshaft . 

Valve^iiilcl . 

V'a I VC—<*xl laijvl 
Valve spfinjj 
Valve cnnlc''^ inlet 
VaKr cnhles—^'xltansf 

I'ispHi . 

Pislini ring . 

SiT.iTH‘r ring . ... 
<MimW . 

Main mllcr luMruigs 

Master r«»<l . 

Vrticulaieil ro*ls . 

< aulgeMii pins . 



K.UM. Royal Dutch 
Hi»ur'* 

Average life to date 
Honrs 

1.500 
1.000 
i.nno 

650 

1.500 
615 
^50 
200 
165 
270 

L5on 
800 
750 
1.50l» 

.160 


TAHLK NO 4 


Servier Data im Wriglil Wlnrlwiml Kngines frnm Nm 

NmnlKT of ntgines eMn'iclcn^l ... ... 

Tr>ta1 Ilians' operation. 

Average hi airs' «i]»er;Uifrt» per cncnie 

Maxinnmi reoinlerl liroirs on i»ie rtiRM>e. 

Average lanirs l»ctwecii ovitIwuIs 
Cost («f parts p«*r operating lw»ur .... 

An*rage ofKTaiing r p.m . 

Average fuel consiimtitioii. gallons tier iKiur . 

Average (»il cun sumption, gallons pi*r Imtir . 


1 h ffi*TCi It < 1 1 K*rat n r % 
0| 

,V>,4M 

4(tl 

2.nnft 

2^n\ 

4..1 shillings 

1.625 

n.i 

0.42 


TABLE NO. 5 

SerMie Data i«i NV right Whir!«1111!’* Engines fr«ati Sim it .Mr Services Incorporated 

Tirst Set'»Mi<l Third 


Motor Overiviul Ovcriiaiil Overhaul Total 

Nninlier 



Hrs 

Mins 

Ilfs. 

Mins. 

"Hrs. 

Mins. 

Hrs 

Mins. 

HU» 

271 

,10 

1.10 

52 



tiH) 

17 

7.117 


25 

XMy 

24 



696 

6 

K122 

L50 

57 





.110 

,15 

8U.8 

124 

.50 





124 

.50 

HU^> 

I.M 

191 





124 

50 

7u$.\ 

IKK 

1.1 

2*^5 

40 

175 

25 

714 

57 

7,124 

259 

>5 

271 

l> 



7t« 

12 

7A55 

.ww 

49 

.VH 

A1 

1 


76K 

21 

7.110 

259 

2$ 

.1.10 

44 



6.52 

44 

fi*M5 

- 







45 

H046 







.Vt 

45 

8944 

4 * * 






.hi 

45 

7800 

272 

3.5 





272 

35 

7654 

167 

51 

.140 

42 

275 

54 

7*l\ 

27 

K121 

2 .V 1 

2 f. 





25ri 

2 r. 

H52I 

49 

47 





49 

4" 

24 

rage ... 

.... 207 


293 

— 

225 


388 
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iM/tQ IN 

350*460 6HP 


_ >a IH 

500*600 6HP 


Ch4ract<riitic« of Varioui Aviation Engine Types Compared Oraphically by ^' 
Pedden, Well Known British Designer of Air-Cooled Engines to Show Relative Mrr * 
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TABLE NO. 6 

'^vrxtce D.ita fn VI** Kncitifs Cr»llecle«l frcwn Twenty Ovtrliauls rwi Slamlard 

Direct-Drive F.ii^ws Averac** Tiiiu* Retween Overbaiils .LVi Hours 


Niimlicr Nnmlier Average Ma.t iJi- Avera»tc Cuunr of 


i'l impoiuiM 

off \Kr 

Engine 

of Re- 
pliicc 
menis 

Life 

H'lurs 

served, 
Hours to 
Date 

Replacements 

rmnkrase . 

1 

Nil 

l.l<i2 

1.412 


f rankslutfl . 

1 

Nil 

L1h2 

1.412 


\ .live, mlH .... 

.. IK 

11 

l.ffOl 

1.412 

Worn on siem or dcfccilve seat 

\ .live, cxluust 

. 18 

50 

<iR.1 

1.015 

Worn nil -.Inn or pitied seat 

Wdve spriiiu 

.. 72 

1.12 

K.10 

1.41.2 

l.»»sl pressures 

\ ,ilvi’ gunh* iiihd 

IK 

H 

l.fXiO 

1.41.1 

Scored and worn 

V.ilve guide exhaust IK 

,Vi 

872 

127<I 

Sc<»r(xl and worn 

I'lslon . . 

if 

6 

812 

I.4I2 

Ludgcoii pin Ixjsses oversize 

Vision ring 

. 1H 

U4 

205 

081 

tlvrrsirc gaps 

Ser.Hpcr riim 

n 

KK 

2R5 


Oversize gaps 

1 \hnder 

V 

2 

OTiO 

1.412 

Scoreil barrels 

(Minder iK'iid 

. 9 

Nil 

1.162 

1.413 


Ihu end bcarinc 

1 

2 

H72 

1.412 

White met at collapsed 

\r\u riH( Waring 

K 

2 

l.llh 

1.412 

Wear 

Master nnl . . 

1 

1 


1.412 

( r.u'ked 

\riu' nw! 

K 

Nil 

l.Bi2 

1.413 


itudgitko pin 


.V. 

(1*^7 

1.015 

Worn ill center 

\r(n* |iiri 

R 

Nil 

I.lf.2 

1.412 


Vrop Inih . 

1 

Nil 

1.162 

1.413 



TABLE NO 7 

Service l^Mta on "Cirrus'* EiiKiiiv< fr»*n» I lie Bristol and Wessex Airjdane Club 


Nirmlicr of marliMU's ojirralcd .5 

Tm**' “f m.iriniu's irpcrale<! ... Moth 

Number of engines ojicraU’d . S 

PitukI ci»vcrc*<! . .J \r.irs 

Total hours' <ipvr:ition . . 1.4.^ 

AviTage iMuirs* «rt»crali*»ii piT engine. 

MaMiniim rt\or(k*c1 hours nij <uio iiigiur . . 4(>.l 

Average li*iiirs* Ix'iwecit top (*vcrluul .120 

Average hours' htiwivn compkle ovitIuiiI .ViU 

Mail hours for lop (werhnicl . . . 25 

Man hours for complele overlmut . I(X) 

Cost jHT ntiininK hour. incliHlmg nuiiiU*iiaiice. over- 

liaiil ;uk1 spares ... . l.li. 

Averjige iipcraiing rpm - ... LWX) 

Average fuel cinsurtiption. gaK piT hour . ..4 

Average <nl c*‘nsuinjrtion. jiuus iier hour. 0..4 


TABLE NO 8 

Service Dale o« “Cirnis’* Engiocs from the A.D.C. O* 

Number <if machines ojicraliNl. 

Type. 

Number of engines opvralrtl. 

Perifxl covered. 

Total hours' ruunmg . 

Average hours per engine. 

Maximum recorded liours. laic engine. 

Average man-lH>urs for overhaul . 


from Three Aero Clubs 

4 

S^'liuol Muih and Avians 

. 4 

2yi years 
.. 2.(182 
.. 771 
.. 826 
.. 2HB 
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Maximum Ivnirs rt*coT(lr«l Ixrtwt'cii ovcriiauls. 354 

Avcragf man hw< for ovcrtiaul . lit) 

Awrasce hours' life of parts rotimniiR riijlartinnil, 
pi si mi riMRs rockrr bibhcs, irar roller fact’s ... 

Cylinder hurrels . (itlc) 

Average iipcraiuig, rpm . 1.780 

Average fuel cjjmiimptuni, ciils per Ihutr ... . 4 5 
Average oil cfnisumpiMiii, jwnts per Ivmr. 1 

QURSTIONS KOR RKVIF.W 

1. VVfiat the cylitider eoiisiriiction <if I he Lorraine ciirmicv; 

2. Whal are ihe (lisimeiivr features of (lie C.iiiicnm Aeiu Ktigine? 
y [)i*scrihc (lie Curtiss "OMlleiiKCi" engine. 

4. Why thies (he ’‘Clialleii<cr‘* m\ eyciniiler engine need a two thn w crank sin 
while a seven cyliiuler needs only (ute crankjHM' 

5. Wlial (yiK* crankshaft is uscil »n Continental sewn cylinder rjiliul engine* 

6. What is the tirisiol-Jtipilvr cylinder cuiislructiun^ 

7. What are the diftercnt compression ratios used witli Jlrislohjui iter engine- 

8. What type of rcdnctiaii gear is used with Hrislol'Jiipiter engines’* 

9. Outline liristol'Jnpiter oiling system 

10. Wliut arc the* disUnciive features ol the Curtiss CIneftaiii air>coo)ed eiigiiu 




CIIAI’TKR XXXVll 


CURTISS WATER-COOLED AVIATION ENGINES 


Curtiss Water-Cooled Aviation Engines—^urtiia V-1400 Engine—Curtiss Conqueror 
Engine—Curtiss D12 Engines—Cylinder Head Construction—Valve Mechanism— 
Crankshalt—Crankcase and Oil Pan—Gearcase Assembly—Auxiliary Systems— 
Pistons and Connecting Rods—General SpeciBcations, X^ow Compression—Tear 
Down Inspection, Curtiss D12—Disassembly Procedure—Propeller Hu^—Car* 
buretion Assembly—Gearcase and Ignition Assemblies—Cylinder Assemblies and 
Pistons—Oil Pan Assembly-Main Bearing Oil Tube—Main Bearing Caps—Cam¬ 
shaft Assemblies—Valves—Overhaul and Assembly—Top or Partial Overhaul— 
Crankcase—Crankshaft Auembly—Pistons and Piston Rings—Connecting Rod 
Assemblies—Oil Pan Assembly—Cylinder Blocks—Gearcase Auembly—Checking 
Valve Timing D12 Engine—Summary of Clearances. 


Curtiss Water-Cooled Aviation Engines.— Tht Curtiss aircrnfl cnfjines 
Ikivc f>ccn widely ii.sfd and favorably known fur many years and many 
recnrrl cudiiraurc, altittnic and sjwcd fli^dns have been made with these 
inolors. 'Yhc ]>o|mlar ;nid ^'vncnilly tiM*d 0X5 series <if war-titiic were 
‘‘lU'cecded by the K6 and KIJ enijnies. the ftirincr havinj; .six cylinders and 
ilie crankcase cast in one block, lliv latter consislinc^ <»{ two K6 Idocks 
iinmnletl on cme base in \* form, 'rnmlde \va.s exjwrienced in manufacture 
ounii,' ihc wariiiii^f of ilic larjje raw'lliitfs these engines were later re- 
*l(’si;;nc<l to base ibc cylinder l»lock and crankcase castings .separate. Crank* 
.sliaft.s were cliaii^^ed irrnn bmr bcarm;' to seven liearinff and counterweights 
were eliminated. The rcinoticlled K6 now known as the 1*6 is still huill 


lor coiiiinereial aviation service and tlelivers ld() Inir^ejiower ami weighs 
luiiiiuls. Several hnndretl of these engines are now in service and are 
I'dT more rrliahle than the Model (iX5. ulnch lias a gooil rejmtation in this 
i‘c'*i>ect. Tins six*rylinder engine weighs .slightly less Ilian the eight- 
i vlinder 0X5 and delivers 50 more horse|H>\ver. It is not geared. 

'I1ic Curtiss Dli engine which is shown at Figs. and 670 was de* 
'i‘'ned ami built in P)Jl and passed its ciBicial SO-hour test in ibc beginning 
n* V)22, This engine was the result of all the experience gained from the 
l»revious models aiul weighed 6**0 inmnds. which w;is 30 ]>oun<ls less than 
ilie MikIcI CDli engine. The iKire and stnike were the .same as in the 
filler. 4j»liy Oniche.s. The sparkplugs were rebH*ale<!. one between the ex* 
‘ianst valve an<l the other l>etwccn the intake valves, directly opposite each 
• tlKT. The carburction was als<i greatly improved over that of the pre* 
^'’ding models. All the detailed parts and acccssiiries that had previously 
uen trouble were altered and im|)n»vc<l. More than 350 of these engines 
"ive been built and have developed an average of 410 horsei»o\ver at 2,000 
l> m. and 440 horscj>ower at 3,J50 r.p.in., low compression. 

I'hc Air Service has piishcti the development of this engine steadily by 
uming 50-hoiir tests at various spcetls at McCook Field, 'rhe engine has 
issed 50-hour tests at 2.250 and 2.450 r.p.in., an<l developed 455 horse- 
' uver with low compression pistons in the test at the higher speed. Low 
mipression is regarded a.s that compression ratio which will allow the 
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engine Xo <»|»cratc wiihout detonalion nn doinesUc aviation gaM*liiie C(n 
tainiiig uc> **doj>c/* 'J'his high-sj^eecl Ic.sl wa.s nin wilhoiil an. 

forced stujns or trouldu i)f any kiinl. The engine ik now ruled al 435 horst 
power at 2,300 r.p.m. f)iH.*ration ftir more than 200 hours l)clwccn ovc’ 
hauls is being obtained in service with this engine. 



Fig. 669.—'Direct Front View of Cortiu D12 Water-Cooled Engine. 


Curtiss V-1,400 Engine.—I)uring the latter part of 1924 the Curtis- 
V-1.400 engine, shown in Fig. 671 was designed and hnilt. This model 
which has a lu»rc of inehes and a stroke of 6 j <4 inches develops frol^ 
505 to 520 horsepower at 2,100 r.p.in., low compression, and more than 6 *' 
horsepower at the higher speed and with high crimj^ression pistims. Ji ' 
lighter than the produclifMt J)12 engine, as it weighs only 685 pounds, dr . 
and fils in the same engine Ijcurcrs. It is slightly narrower than the Pl¬ 
owing to the double camshafts 1 >eing driven through three spur*gcars in 
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lead of two, the bevel drive being attached to the third spur-gear, which 
^ mounted below the two spur-goars on the ends of the camshafts. The 
Iccvc construction i.s the same as in the 012 except that the heads of the 
Iceves are open and are screwed into the aluminum heads against shoul- 
Icr.s on the sleeves. The valves are seated on aluminum-hronzc insert.s in 
(Uc aluminum head. 'I'he cooling water comes in coiiiart with the .steel 
-lecses. as In the r)12 engine, and the lower end <»f the sleeve is .sealed with 
„ cuni]K»siMoil gasket, as before. This cvlnider construction i.s clearly 
liuxvn at U, J*'ig. K>6 in the disctissiun «m v\aicr-c«M»lcd engine cylinder 
k i.listriiclion. IVuMSKin is made Ut use cillicr bailcry t*v dunblc-inagncto 



Fig. 569A.^The Curtiss Six-Cylinder Engine Model K6 Was One of the Intermediate 

Types. 

•K'niiou. 'J*hc magneto is a Spliulurf double maebiue that operates with 
l*'>ih annatiirc.s nu one shaft and with two coninct breakers, two coils and 
condensers, all in the same nmchinc. Tbe distributors are mounted 
'•n the ends <if the camshafts and arc used with either the battery or the 
nugneto ignition. 

This V-1.400 engine, which weighs from 1.10 to 1..3,3 pound.s per horse- 
!i‘»wer. depending on the power output, is more than 50 pound.s lighter than 
nearest conii>ctitor. either in this country or abroad. The simplicity 
’ nd sturclnics.s of the crankcase will be noted in the illustrati«>ii. During 
s tifficial 50-honr tc.st, which was completed in seven wxirking d.iys. the 
nginc improved in power throughout the lest. The short duration of the 
•St ab>ne indientes the remarkable reliability of the engine. The new type 
f cylinder construction improved the valve c^wdiug, as is indicated by the 
icl that only three out of the 24 exhaust valves shovveil any leakage after 
he test, 'riic average fuel consutnptuni during the lest was 0.4‘i pounds 
cr brake horsepower hour. The average oil consumption was 0.018 pound 
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per brake horsepower hour, and ihe oil temperature difference betwe^ 
inlet and outlet was only from twelve to fourteen dei^rees Fahrenheit. 

The small difference in oil temperature is most interesting, since a lou 
oil tempcraliire difference is highly desirable. With the production 
very high h<»rsei)o\vcr in small units it is necessary to use an oil tempern. 
tufc regtilaling device in an airplane owing to the small crankcase arc. 
that IS available for radiaticni. If the temperature difference is large, con¬ 
siderable heat mu.st be dissipated, which presents a diHicult problem. Air- 
cooling of oil has not l>een foil ml .satisfactory, since the oil in the ca<jfcr 



Fig. 669B.—Curtiift Twelve-Cylinder Engine Model K12 of Early Deeign. 


c<ingeals rapidly on the surfaces of the cooler anci effectively insulates llu* 
remaining body of oil. As early as 191Q the Curtiss Company successfully 
adapted to its racing airplanes a method of oil-c<Kding by the use of ilir 
cooling-syslcm water. A smalI<orc radiator was inserted in the intake- 
side of the water .system. HTtc oil was allowed to circulate through this 
core in the simcc usually provided for water in the ctmventional radiator, 
and the water was circulated in.side of the cartridge tubes in the space 
ordinarily used ft»r airflow. It was ftmnd that by thi.s arrangement the ml 
temperature c<mlcl be kept very close to the temperature of the water 
flowing into the engine, a very desirable arrangement. 

CIIARACTERI.STICS V-1400 

T.^nciU. owrall. 

Widfli, overall.26' 


Ileiglit. overall. 

Cylmdera . \2 

Pore .4?i;' 

Stroke . 
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Compression ratio.5.5 : I 

Horsepower .510 B Hp. at 2100 R.P.M. 

WeifiM.pounfls 

Wt/Hp.13 Ihs/Hp. 


Curtiss Conqueror Engine.— I bis is otic of ilic most recent lyj)C8 and 
.shown at FifTs. 072 and 673. h is msick* in dirul drive and geared types, 
\\\c side view at Fi^. 67.^ Ixiing: a geared type, li is rated at 625 horsepower 



Fig. 670.^CiJrtiu D12 Water«Cooled Engine is s Light. Compact and Powerful 
Twelve-Cylinder Porm. This is a Three-Quarter Front View. 

at 2.400 r.p.m. 1'hc direct drive type is rated at 600 horsepower. It is 
‘'ouilar in general construction to the famous Curtiss I M2. The direct 
4 rive model weighs 760 iHninds, the geared f<»nn weighs 840 pounds, these 
iigures giving the dry weight without propeller huh or starter. The Iwre 
''I the Conqueror is 5% inches, the stroke is 6)4 inches. 'I'hc coinprc.ssion 
ratio is 5.8 to 1. The brake mean effective pressure is 128 pounds per 
square inch. The displacement is 1.569 cuhic inches. 1'he overhead valve 
'uechanism, cylinder construction and general arrangement is very similar 
Ui the D12 engine, the difference being in refinements of <lctai1 and of course, 
''Uch changes m the structural elements as the larger jKJWcr output and 
ucreased displacement makes necessary. 

The 1.550 engines are designed to go in the same engine bearers as 
re used for the D12 engine. This means that the hearing areas on the 
engines arc not greater than those on the D12 as far as length is 
^mcerned. However, the crankshaft has been incrcaseil in diameter from 
hree inches to three and one-half inches to take care of additional l>eaT- 
•ng area as well as to stiffen and strengthen the crankshaft for the addi- 
ional power and speed. The details of construction of the crankcase. 
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crankshaft, and connecting rods are almost identical with those on ti 
D12 engine. The connecting rod Iwarings are the same size but the ro 
have been increased in section in proporikm to the power of the engiii« 
Rcmt»vable bearing sliclls arc being used in these rods to facilitate servu 
Steel back bearing sliells are being used on Ixjth the main and conucctii .; 
rod bearings. The bearings in the f<»rke<l rtnla are **Non-Gran” bron?^ 
The Inisbings in the ujiper ends of the rods arc also made of this material. 
Hie crankshaft is held in place with eight forged duralunnu bearing c;ii> 
which are iimunied on the parting line of the crankcases, this line 
on the center line of the crankshaft, 'riie eigblb bearing referred to is im 
out board beantig in front of tlie tbnisi bcunng on the tlircct <lrive engine 
and in front <if the pinion reduction gear i»n the geare<l engine. 



Fig. 671. —Side View of Curtiss V«1400 Aviation Engine which Delivers SIO Horse* 
power at 2.100 R.P.M. and with a Dry Weight of 13 Pounds per Horsepower. 

'I’he cylnuler block construction dilTers ^rom the 1)12 in the cylindci 
sleeve and valve seal arrangement. 'I’he l)!i has a closetl end .'sleeve with 
the valve.s sealing in the closed .sled end. Hie l.S.^O models use a sicevr 
open at both einls ami screwed Into the aluminum head. The valves seat 
on aluminum Ijmnze iiiserls. This type of cirnstmciion was devdci|>c<l 
in the V-1.400 engines which had a lairc and stroke of 4Ji inciics by 6’ i 
inches, respectively, while this engine has a Ixire and stroke of S'/i inchi> 
by 6}4 it^<*hcs. This type of valve seat conslniction is king used in man.' 
air-cooled engines with aliitniinim heads. The valve size has been increased 
to take care of the iiicrea.sed disjjjlacemcnt. this hting possible on account 
of the larger cylinder lM)re. The Ciirtis.s valve gear using the “T” shape 1 
cam-followers and double camshafts is retained on this model although iw • 
of the camshaft hcnring.s on each hea<l have been eliminated to save weigi 

The conventional type water c<Mding system is used, a centrifu^: • 
pump feeding the two cylinder hkKks at the lower end <»f the jacket 
six points from two outlets on the pump. The water leaves the topm<* ' 
point of the hea<l from six ]K)iiUs <m each head, entering a manifold fr< ■ • 
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^hich it can be conducted either to a radiator or throuph a water expan- 
• :im tank and then to a radiator. 

The lubricating: system the same as on the latest production D12 
nigines. One pressure pimip fmis oil dirtHrily to the main l>earings through an 
.111 manifold attached to the to|) tif the iK'anng^ caps. The <>d passes into 
N(»s. 2, 4 and 6 main hearings, each of these main Ijcariiigs feeding two 
(Mnnccting ro<ls through steel lul>es S|Mmi into the crankshaft. An annular 
groove cut into the Iwihlutl cd each c<niiK*cting rcnl hearing insures pressure 
ucd to the link pin hearings. The piston pm licarings arc fed by the oil 


Air inlakF stack 


PovtSe m«»|i|rt«to 



r 

' Ignilion 
ddtobutor 


W«ler pip« to 
cyhndef block 


Water pipe to 
i.vi<ndvt block 


Watci pump 


672.^AnthPropeller End View of the Curtiss V-1570 “Conqueror” 625 Horse* 
power Direct Drive Twelve-Cylinder Water-Cooled Engine. 


hich is thrown into the cvHnders from ihe crankshaft, lly means of a 
'Ihe spun into No. I main l>earing at the acccs.<t»ry end of the engine, oil 
' indexed through steel pressure tulics to the camshaft bearings. The 
acks of the cams are drilled fur lubricating the ‘*T*’ shaped cam-followers. 

• dl is also fed from this same line to the plain hearings on the upper vertical 
’*aft. The plain bearings im the lower vertical shaft n^e fed by oil which 
•llects in a large pocket anmnd these \>eaTiugs. The o»l draining from the 
'imshaft bearings lubricates the ball bearings on the camshafts, driveshafts 
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as well as the ball hearing's on Ihc upper end of the water pump shaf 
The oil is returned to llie outside oil tank in the following way: there ai, 
two scavenging pumps. One lakes oil fr(»m the projicller end of the engn, 
and delivers it to the accesMjry end of the engine or the back end of tin 
engine when it is installed in an aiqdanc. The second pum|> picks up tin 
oil from the back end of the engine, returning it to the outside oil tank 
By the use of tliis system, any air uliich is picked up by the propeller oink 
pump when the engine is in a climb will l>e discharged into the crankcase, 
thereby, cliuiinnting practically all foaming of oil in the tank caused h\ 
emulsion of oil and air. 



PU'i'P 


Pig. 673.^ide View of the Curtiu V*]570 "Conqueror” Engine with Geered Propeller 

Drive. 

The CV-1.550 engine is a g«irt‘<i moilcl, being Imilt al the present lime with 
a gear ratio of two to tme, the pro()elk’r turning at half engine sjiced. Regninr 
sttib tooth spur gears with a three-inch face width arc used. The large 
gear is mouiUctI tm a Curtiss ficxildc coupling which abstirbs the sh(»cks nj 
the gear train insuring long life. After a 50-hour test at 525 to 5.^3 
horsepower, these gears shtuved no wear, licing in practically the same 
condition as when the test started. The propeller shaft is mounted an plain 
hearings with the outer bearing in a housing which l>olts to the crankca>c 
The mam housing ts cast Integral with the crankcase. Thrust is taken tni 
a large deep grooved ball l)earing. The bearings on each side of the pin¬ 
ion are also jdain, the cud llmist of tlie crankshaft, due to its weight when in au 
inclined positum. is taken care of by a small deep gTiH>ved ball bearing 
mounted in a cap which closes the hole in the crankcase at the end of ih^* 
crankshaft. This bearing also locates the pfisilion «if the crankshaft in tin 
case. In the direct drive mislel the crankshaft is held iu tiosilion by ik 
deep grooved thrust l>a)l bearing located lietween Nc»s. 7 and H main bea* 
ings, being similar in construction to the 1)12 engine. 

The geared engine jiassed a SO*hour t^lTicial Government test at S- 
horsopower at 2,100 r.p.ui., and, as a result of snbscriuent testing ' 
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liipher si)ce(ls, has l>cen <levHnj>et! f(»r iis« at 575 horsepower at 2.500 
t p.m. The direct drive model has been developed for use at 600 horsepower 
il 2.500 r.p.m. The <lirci*t clri\c luodrl was used in one of the 1025 Schuci- 
Icf Clip Kai*es al.s<» when il was flown in the raic. 'I'he engine 

,li'vclopc<l. with high coiiijiressioii, a ninxiiiiiim of 708 horsejiowcr at 2,600 
1 ' p.m. and weighccl 725 |Hninds dry, 'Hic geare<l model weighs 840 pounds 
dry, which gives an additional weight of 115 ponndK due to the gearing. 
The 012 engine weighs 680 jwuinds. 1*luTch*re, hy the addltiim of 35 
liouiuls in weight, il has been jmssihle to increase the power hy approxi- 
) I lately 150 h<irscp<»wcr with a slight reduction in frontal urea. This 
I eduction has heeti ]w»ssihle hy the use of three spur gears driving the double 
cam shafts, the thinl spur beings placed as nn irllrr helosv the two gears on 
the camshafts. The bevel driving gear is mounted on this third gear. This 
design drops the bevel gear behind the cylinder hhuk, thereby taking <iff 
approximately two inches in width at the back end of the engine. 'I'hc 
engine has a maximnin width, as a result of this chunge, <jf 26 inches, 
whereas the I>12 is 28 inches wide. 

It might he well to point out that a lurnnal engine speed of 2,500 r.p.m. 
is s«miethiug like 500 r.p.m. higher than any uir-coided engine of any* 
w here near this power. I luring violent luaueiivers in t>nrsuit planes, the 
engine sjjccd in a vertical drive reaches Mnnething <»vcr 3.000 r.p.m. No 
air-cooled engine of radial form, as far as the writer know's. has been made 
Ut withstand this severe sjK’ed. 'I'Ijc advi»cates of radial engines for pursuit 
airplanes must face the fact that these high speeds are not as easy to obtain 
with the heavy crankpin h»uds as they arc in \*ec type engine with lighter 
lo.ids. The gascdinc engine, particularly with a supercharger, increases 

jKWvcr alnmst <lirectly in j»ro|H»rliim Ut the engine speed. Therefore, it 
1 ^ very advantageous to use this spee<! and the \*ec type of engine, either 
water-conlcd or air-crsdetl. undi»uhlcdly has an advantage in this respect. 
Also, other types of engines which are a compromise between the radial 
form and the Vec form arc undoubtedly siijieric^r in respect to the heavy 
crankpin loads than is the ra<linl engine. 

'I’he air-c<»oled radial appears to be the lightest hinn of engine per 
hc»rse]>owcr at a given speed. However, it is not the best birm as far as 
lu*a<l resistance is concerned, owdng lu its large overall diameter, as has 
hven demonstrated by the comparative ]«Tfortnanec of the ('iirtiss Hawk 
•urplane with the l-il>crty air-ernded Vee engine and a radial airn'iioled 
vnginc of the same power. The machine was faster and the visibility 
hotter when using the Lilierly air-ctHded engine. Uy using high engine 
‘pecds which are at present prohibitive in the pure ratlial type i»f engine, 
die water-cooled and air-c<Kdcd Vee engines can compete with the radial 
•Ti a ba.sis of weight jier horsepower, although at the present time the 
'pecific weight is in favor of the air-cooled radial on .some of the new 
‘ligines starting in production, which, however, have not been scrvice- 
vsted extensively. While it has mit been definitely proved that the radial 
orm of engine, with its heavy crankpin loadings, cannot be run at such 
•igh speeds as 3,000 r.p.m. or more, the fact remains that it haa not been 
lone nor is there any record of the makers of such engines recommending 
pee<l8 in excess of 2.2fXI f<»r geared birms. With more cylinders 
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Pig. 674.'^BaBi€ Assembly—Transverse Section of Curtiss DI^P Aviation Engine. 
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if smaller size and with the know!c<lpc that is available at the present time, 
j he cooling ability of an air-cooled engine is definitely limited by the amount 
)f square inches of cooling fin that e.ni Ijc \nu on a given volume oi cylinder. 
Therefore, if the horsepower goes np in direct |iroj>ortion to the speed 
\hcrc will be a definite engine speed at which the air-c(Miled cylinder will 
not cool. With a water-ciaded engine one needs only It) supply more 
radiatitin to take care of the increased horsepower. 1'he use of such engine 
Speeds as S.OOO ta 7.000 r.p.ni. in racing car engines gives one an idea of the 
jinssihililies of further development with the walcr-coolcd type. It is 
very doubtful whether it will he iM).s>rliIe to get the horscfiowcr |)cr cubic 
inch out of an air-coolcd engine at those high speeds unless some radical 
developnicni in cooling is ma<lo, providing of course, that no other limiting 
factors, such a.s propeller edicicnev hohls the sj^rd <1own. 

Curtiss Dl2 Engines.—All Cnrtis.s 1)12 lyt>e engines arc rated 435 horse¬ 
power at 2,3(K) r.p.tn., r<*gar<llcss of mode! nuin)»ers such as I)12(*, l)12M, 
etc The Curii.ss D12 aircraft engine js a ivvehe-cyhndcr, untcr-coolcd 
60 degree Vee type engine employing two Ingh-tcnsion inagiietos and 
t\No dual carburetors, 'fhe c>lmder constniciicm is of the cnbloc type, 
with cylinders of the wet sleeve lM»e four aiul one half inches bore by six 
inches stroke, or a total nominal displacf'inenl of 1.145 cubic inches. There 
are four valves per cylinder, tsvo in let and two exhaust, 'rbese valves 
arc operated by two cnnisbariK on each cylinder bca<l driven by bevel gears 
ot the tinmig gear tram. Each water jacket serves .six cylimlers and trans¬ 
mits the cNjfloMon forces to the crankcase. 

Cylinder Head Construction.^Steef cylinder sleeves <4 carlsm steel 
hydraulically ftirged with one en<l closeil arc rough machined, heat-treated, 
and finishcd-machincd with the e.xceptiiui of the final grinding of the bore 
before assembling in the cybn<lrr hcn<i. 'I'he threaded pi>rtlon of the sleeve 
is a[iproximately one and otic half inches hmg. and is at the closed end. 
Careful machining is done on these sleeves anil the cylinder head to main¬ 
tain a perfect joint UiNveen the ahiininuin alloy head and the .steel sleeve. 
All integral stud on the einl of the closed head of the ske\e passes through 
the water jacket thereliy imjiroving the contact between the steel head and 
I he aluininiim head. Tlie valve jKirt holes are machined after the sleeve is 
asbeml»Ied and duralumin sparkplug hii^lungs arc assembled in place. The 
aluinimnn water jacket is cast in one piece and is assembled over the lower 
' lul of the six slccses, the water joint being maintained between the sleeve 
'»nd jacket by a comj«>silioii ga.sket under the flange on the sleeve. The 
ippcr joint is made light with a copjKT asbestos gasket. The sleeves fit 
fry snugly in the water jacket at the lower end. This gives ample sup- 
;''*rt to prevent the thin sleeve from going out of round. The cylinder head 
NOT REM OVA IILE. The l«isic assenddy views at Figs. 674 and 675 
how the cunslruction of the engine and should be referred to as the 
Ascription is read. 

Valve Mechanism.—Each cylinder is fitted with four interchangeable 
trel tulip waives, two intake and two exhaust, seating directly in the 
'tcel cylinder head, The valve stem guides arc cast iron. The camshafts 
irc mounted on the top of the cylinder heads on .six aluminum brackets, 
he shafts running directly in the alumiiitim. These brackets arc carefully 






Pig. 67S.^Bastc Auambly—Longitudinal Section of Curtiss DI2D Aviation Engine. 
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iloweled to the head and are iulerchangeable, no alignment, reaming or 
hand scraping l>eing necessary during manufacture or overhaul. The intake 
lamshafl is driven by the exhaust shaft by means of spur gears at the 
.iiiti-propeller end. A l>evcl gear is numnied on the exhaust camshafts as 
fiillo>s‘s'llic spur gear on the exhaust shaft is extended Ijeyoud the 
width of the normal gear and the bevel gear is internally splined to fit 
iiver this extension. A single large flanged nut h<dds this gear on the 
shaft. Owing to the fact that ibr number of teeth on the spur gear differs 
from the mimlwr of teeth in the bevel gear a very fine adjustment is 
obtainable on tlic timing by shifting the gear in relati«m to the shaft. One 
enm operates two valves tlirmigli a 'IVc shaped cam follower working in 
a bushing in the cylimler head, the cam follower removing all side thrust 
iroin the valve stems. Tlic valves arc ndju.stcd by adjusting screws clamped 
iu the eucls of the Tec cam fi>IU»wer. The camshaft hearings are lubricated 
by oil pressure <»f approximately six ptmnds per sijiiarc inch and the cam 
fnllowers ami valve guides are oded by splash. 

Crankshaft.—The crankshaft is (»f the conventional eight hearing type 
being matle ol hiw chrome nickel steel. Tlic center journal is one and 
ibrce-qiiartcr inches elTvctive length and the lialancc o( the journals one 
and one«half inches. The journal and crankpin diameters arc three inches 
;iml two and one^half inches respectively and the crank cheeks arc oval 
111 i>rofilc. The pr<»pcller thrust bearing is mounted between No, 7 and No, 
3 main bearings and is a dee|><grooved radial annular hall bearing. This 
lieariiig takes thrust in either direction and •the method of mounting 
adds greatly to the rigidity of the jirupcllcr in flight. Gyroscopic forces 
are well taken care of by this arrangement. The crankshaft and its Iwar- 
nigs are clearly shown in longitudinal section, basic assembly drawing at 
I'ig. 675. 

Crankcase and Oil Pan.<»Tlie crankca.se is an aluminum alloy casting 
divided into sections by the webs suppi^rting the main bearings. There 
IS a pocket in the ca.se between No. 7 and No. 8 main liearing for the thrust 
bearing. Each Ivcaring cap is held by four studs and castellated nuts and 
IS located positively by a key and key way. The Iwaring caps are duralumin 
lorging.s. all the same except for No. 7 and No. 8 which locate the thrust 
bearings. Oil is fed to the main bearings through drilled passages in the 
bearing caps as shown at Fig. 675. A passage is machined in the right hand 
^idc of the crankcase at the center web for receiving a thermometer for 
uulicating the inlet oil temperature and is also an oil duct to the main 
'•earing oil manifold. 

Steel-hacked babbitt bearing shells are used for both main and con- 
•lerting-rod bearings. The main bearing shells are held in place in both 
he caps and case by four brass countersunk head screws and by the clamp- 
ng action of the bearing caps. The bearings are bored and burnished to 
' 2 e in a boring mill by means of a fly cutter boring bar. This method of 
iiachining insures correct diameter and alignment. 

The oil pan is an aluminum alloy casting supi>orting the oil pumps 
ncl incorporating the chamber for the oil strainer. The idler gear between 
ihe lower vertical shaft (pump shaft) of the gearcase and the oil pump 
Irive gear is also supported by the uW pan. There arc two small sumps in 
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the oil pan. one at the propeller end and the other where the oil pumps an 
assembled. 

Cearcase Assembly.^The i^carcase assembly which is shown at 
676 is removable as a unit and comprises drives for fucb oil and water 
pumjKs, matfnetos, gitn controls, camshafts and generator. There are tw 
vertrcal sliafts as shown in the illnstration of the timing gear train ar 
Fig. 677, the lower driving the water pump by means of a spline, the Uui] 
puiii]) l>y a worm drive and the uil pump by spur and idler. I'his shaft 
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Pig. 676.<^Curtits D12 Gearcase Assembly on Assembly Jig. a Shop Fixture that 

Insures Proper Alignment of Parts. 

runs ill two bronze bushings which are lubricated by the oil bath in whic)‘ 
the shaft is located. A pc>cket of alx)Ut one-half a pint capacity is inenr 
porated in the gearcasc casting around this shaft an<l is filled by the 
draining from the camshaft housings. Tlic shaft is driven at one a>i 
onc-half engine speed by a bevel gear at its upper end meshing with tin 
crankshaft gear. The spur gear at the Imttom end of the shaft is below tly 
pocket and drives a spur idler, this in turn driving the oil pumps. Lubr) 


D12 TIMING GEAR TRAtN 


1405 


ration is by oil collecting in the sump the oil pumps are located in. The 
upper vertical shaft runs in bnmze bushings, one at the lower end and 
one just under the shoulder near the center of the shaft* and has a ball 
hearing at its upper end. There is a small annular space between the 
hushings. and this is supplied with oil tinder pressure. The ball bearing 
IS lubricated by s]dash. 'J'he sKaft is driven by the crankshaft gear and a 
bevel gear at (Uic aiul oncduilf engine s]>eed. 



677.—The Timing and Accessory Drive Gear Train of the Curtiss D12 Aviation 

Bngines. 

Just a 1 ) 0 VC the shoulder there is a WycI gear driving the magneto coup- 
ings through J>evel gears, one coupling on each side <>f the gearcase. The 
nagnetos extend at right angles to the longitudinal axis of the engine, 
' ving mounted on brackets cast on the gearcasc. Doth magnetos rotate 
be same. The magneto coupling drive consists of a combination of an 
lldham coupling and a Thermoid disc, thus taking care of slight mis* 
dignment and providing a .shock absorber. A micrometer adjustment Is 
htained by the use of two discs having a difTerent total number of holes 
n equal pitch circles. 
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At the upper end of the shaft under the hall bearing is an angle gear 
meshing with the angle gear at the lower end of each camshaft driveshafi 
These gears are nil the same pitch diameter. The camshaft driveshafi ^ 
rotate at one and one*half crankshaft sfieed and drive the bevel gears of ihv 
exhaust camshafts by means of small l>evcl gears at their upper ends. Tli( 
gears arc splined internally and fit over splines on the shahs. Castellated 
nuts hold the gears tightly and are locked by taper pins. All adjustments 
are by means of steel shims of difTerent thicknesses. The gun control 
drives are rntmiilrfl on the hrnisiiigs fur the canishafi driveshafts and re¬ 
volve at crankshaft speed. There arc two hall lH*arnigs in the gun control 
drive housings, the Iwarings, shims, and gear being rlaiii|icd in place by a 
castellated mit on the end cjf the shaft. *i'hu gear driving the gnn control 
is machined in the canwhaft driveshaft. 



Fig. 676.—CarburetioQ Auembly of Curtiis D12 AvUtion Engine. 


Auxiliary Systems .—Two Stnini1>erg NA»Y51> or NA-Y5F carburet of. 
are used. Mach rnrbureti»r is connected to a "Y" manifold, this in turn 
l>ej ng con I ICC led to an ‘T/* manifold on each cylinder hhxk. ICach carbu¬ 
retor barrel sup)dies three cylinders. The **Y'* manifolds arc walci 
jacketed. Both carburetors are supplied with air by a single air sc<ii>p aiul 
air chimney. The carhufetc*rs, air sc(K>p. air chimney and ‘"Y” pipes may bv 
lifted as a unit, (Fig. 67H.) Two Scintilla AG-121) (or VAG-121)) o' 
Splitdorf 5S12 inagnct<»s arc used for ignition on the engine, supplying tu** 
sparkplugs per cylinder. The left magneto fires the plugs located at tb** 
intake side of the cylinder blocks and the other the plugs at the cxhaif 
side. 

Water is taken in at the b<*ttom of tlie ualtr pump and discharged iiu 
a distributing manifold at the hover part of each water jacket. The wai* 
is passed upw'ards to the cylinder head and taken from the head by 
manifold or header fastened directly to the bead. Connections are ma'J 
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inun the surge or expansion tank and the inlet water pipe to the *‘Y” 
(iianifold jackets. This engine has l>€en destgi^ed to use water manifolds 
fi)r the outlet directly on the cylinder head thus eliminating the objection- 
;ihlc feature (»f passing water through the intake niaiufohl gasketed joint. 
'I'lie water system as supplied oil the engine should not he altered. The 
conventional pressure and firy sitinp lulincating system is used on this 
engine. The scavenging piim]>s are entirely .separate, elitninating any 
jMissilnlity of air destroying the putnp capacity. All plain hearings arc 
pressure fed excej>t Uie hiishings for the lower vertical shaft of the gearcase. 
All other hearings arc splash fed by the (»il running Iwck from the cam- 
sltafl boiisiiigs. 



PUtons and Connecting Rods.-^Tlie pistons arc aluminum alloy cast- 
'ngs of the rihhed bead type, this construction allowing a light, strong 
piston. All rings are of an inch wi<lc. The piston pins float in both the 
kostons and the connecting rods and arc held in place by l(»ck rings in the 
•istons. Oil holes just Mow the lower ring allow the excess oil to be 
emoved from the cylinder walls. The connecting rods are of the master 
ind articulated ly|>c as shown at Kig. 67^. Hotli rods arc sled drop forg- 
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ings niachinc<1 all over. The pin bw things arc of bronze and arc 

pressed in. They are ltt)>ricate<l through two %c«inch diameter holes 
near the Uip of each rcxl. The wristpin bushings arc also of bronze and 
are lubricalod l>y pressure from the crankshaft. The wristpin is held in 
its pr(»per ]dace in a Ih>ss on the master tckI by a lx>U and nut. 

The fuel system used on the D12 engine employs the Curtiss Triplex 
or the Air Corps C5 gas<dinc pump feeding fuel to the carburetors. The 
over capacity of the i>mnj* is taken care uf liy a relief valve and an over¬ 
flow back to the tank. X’arioiis models of Dli engines are made, these 
differing in details but all are the same in const ruction of tlie principal 


i;HNKKM. SPHCIFU ATfON.S 


I^.w r«»fTi|»rrs**i'»n 


EsTtlP . . . •• 

Rated Hp. . . 

Model . 

Type of Entfiiu* finmi liHvvi . . . . 

NuniWr of (yhmler'.. .... 

Len^nh nf Enpuc 

Width of nnKMU*. . 

Height of Engine ... . 

Displacement of Kngim* 

Stroke . . 

Compression Rntic». 

Type pf Piston 
Ihslcm OisplacciiHnt 

Nimibef of Piston King' . . 

Angle of ('yhiulcrs . . . 

B.Hp. at sea level at 23011 K 1* M. ( Maxiimim).... 
Ignkion System. ScintilU or Splitdorf. 

Carimretor (Type and Soel 

Number of Main bearings. 

Type of Oil Pump. 

Desired Oil Temp under ti(»niial i>]>cratuni. inlet . 
Oil pressure desired f Minimum with oil mtlet at 

160* F.) at 2.100 R P M . 

Grade of oil desircci . 

Average oil consirmplion per b Hp. Hr. 

Type of Water Pump. 

Maximutn water letnp alk»wed. 

Capacity of cylinder water jackets. 

Average fuel con^uitipthm per B.Hp Hr. Full 

Throttle ... .. . .. .. ... 

Average fuel coiisitni|itioi) iH*r blip Mr Oni'ing 

Pressure of fuel supply. 

Speed of Propeller. 

Speed of Tachomeier Shaft. 

Firing Order. 

Approximate hours before overlianl. 

Weight of Engine empty and willioni acerNanrics 


CmtIi's 

4^$ Hp. at 2.1f»» K P M 
ni2M 

Watef'Gsdwl *’\’cc" 

IJ 

1145 nt. ill. 

4.5* 

5.3 to 1 

him mil in trunk riblicd 
<^5 4 cu. ill. 

.1 |ier cvltudcr 

Mr 

4.=i0 

Two siiiKlr s|>ark high>tensioii map 
net os 

Two 2" Stromberg t»r 

^'5F 

8 

Gear 
140* P. 

120 lbs per sq in. ga. 

Winter, Gulf 75-W; Summer, Gul! 

90-95 
.010 lb. 

( eiitnfugal 
lar V. 

44 lbs. 

.52 lbs. 

.50 IM. 

3 to 5 tbs. per sq. in. ga. 

Crankshaft 
'A Crankshaft 

IL-6R-5L-2R-3b-4R^»L.l R.2L-5R- 
4L-3R 

200 

r>80 lbs. plus or minus 10 lbs. 
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l>arts and the main assctnidy. The general specifications of the low com¬ 
pression type or D12D engine may l)c ctmsidcrcd typical an<l these refer 
to the engine shown tn sectional views at l‘'igs. 674 and 675. The installa- 
iiMii drawing at Fig. 680 shows imiH>rtant dimensions. 

Tear Down Inspection, Curtiss D12.—This engine does not have a 
removable head. The cylinder bhn'ks Hianks) are removable as complete 
(mils. The joint just below the spnrkjilngs is merely the place where the 
water jackets attach to the cylituliT head assembly, 'bhis joint should 
never be di.sturbcd as renuiving and replacing the water jacket without 
]proper G(|Ui)>meiU may cause llie lower end of the cylinders to go "out of 
nmml." When the tiliserver l<»oks <iver the auti-j»rojK*lUT end of the engine 
toward the propeller end everything Ic* the left of the vertical plane thnmgli 
the center line of the main hearings is referred \u as heing on the left hand 
iL.ll.) side. Keej) all |Kirls clean. If the jiarts arc not to be wiirkcd (ui 
immediately e*»ver the steel ])arts with light grade ("ofid or other rust 
preventing com pi mud. It is recoin mended that each asseinldy be rcintivcd 
as a unit aiul l>c kept as such niitd ready for llic overhaul of that unit. 
(H'crhaul each unit separately. 

Disassembly.—'If it lK*coines necessary to nmipletely (lisassoinbic the 
(uigiiie for recombtioTiiiig it is reconiiiieiided that the following order be 
carried <»iit. 1. Kcinove ilie exhaust sjiarkplugs. 2 Ketnove the jirnjicller 
hub. 5. kcnio\e the carburetor as>eiiilily. 4. kcu»»\c tlic intake spark¬ 
plugs. 5. keniove the ctlmder head Covers. 6 Remove the inlet water 
lubes, loosen the gearcase assembly, and remove the tllstribulor bh>cks. 

7, kcMune the gcarcasc assembly and crankshaft gear. 8. kemovc the 
iguitlon wires an<1 conduits, lb 'I'he magnetos should be removed fnun the 
gearcase, tested, and put in first-class conchtioii. 10. Remove the camshaft 
oil supply lube from the crankcase and c\liiuler blocks. Remove the K. II. 
cyliiulcr bicfck fbaiik) from the engine, taking care to prevent pistons and 
rings from being c!ainage<l. 11 Remove the R. 11. pisUms from tlie eon- 
ncfliiig rods. li. Remove the K. 11. cylimlcr block taking care to jirevent 
ihc j>i.sions ami rings from being damage<l. l.I. Kemovc the pistons from 
die iiiaMer rods. 

14. The oil jian assembly should be removed. 15. The main bearing oil 
iiil)e .slumld bo carefully renmved before attempting to remove the main 
hearing caps. 16. The connccting-nsl bearing cap.s .slnmbl bo taken ofT and 
‘he connecting-rod assemblies taken mil. 17. 'I'lie main bearing caps should 
•c taken otf and tho crankshaft reiimved from the engine. 18. 'I'he cam- 
haft assembly should be taken off each cylinder head. 19. 'J'he valves 
hould be tested and taken out of the engine. 

Exhaust Sparkplugs.—'I'hc s|>ark])higs should l>c taken a{>art (after 
►ting their general api>earanccj using the special B. G. wrench and holder 

possible. H necessary the plugs should bo cleaned thoroughly with 
asolinc and a stiff brush. The carbon deposit cm the mica core should 
e removed with fine sandpaper. Care should be taken t(» prevent getting 
he shells and cores mixed. When assembling, be sure the core is screwed 
'Uo the shell very tight, For AC plugs the gap shtuild be .023 inch and 
'T BG plugs ,015 inch. AH plugs should l>e tested with a high-tension 
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Fig. 680.—Installation Drawing of Curtiss D12D Aviarion Engine. 
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electric current beinre repUcini? in the enfjine. If tested with a vibrator 
K'oW spark in the dark» any leakage Ixjtween core and shell can be readily 
•letcrmincd. 

Propeller Hub,«-“Thc propeller hub may l>c removed hy using a four 
foot bar one and onc-tjuarlcr inches diAineter. This Kar should have one 
nr lK)lh ends turned down to a diameter of seven-eighths of an inch for a 
distance of three <nnd ouc-(]uarter inches from the cud. The propeller hub 
)iul has a rlgitt hand thread. In backing off the propeller huh nut it will 
he noticed that the first turn will l)c easy but then the nut will turn hard. 
|{y using a heavy linmiuer to strike the bar close to the nut and in the 
iiieaiitimc keeping a tension on the bar, the out will l<M»seii (juicker than by 
applying only a steady j)uil on the l>ar. 'Hic Imh nut has different threads 
;uitl the nut acts as a juiller when unscrewed. Screw the huh nut by hand 
nil the end of the crankshaft to prevent *lamage to the threads of the 
crankshaft in event of an acrideiit In handling. 

Carburetion Assembly.—The NA-Y5F carburct<»r assembly as shown 
at Frg. 678 may he removed after removing the air chimney and dis>- 
C(MiiKTting the tlirtutlc. altitmle controls, and fuel lines by simply discou* 
ucciing the “V* pipes from the *'!/* mauifohls. 'rhe two carburetors, the 
‘V*’ ]>ipes and the airscoop will lift off as a unit. For removing the NA-YS 
carburetor assembly the in tenon necling altitude control rod must l)c 
removed first. Intake .Spark|»lugs.—The intake sparkplugs may be removed 
from the \ ec <if the engine and cleaned ami inspected as previously men¬ 
tioned for exliausl plug.s. 

Cylindcr Head Covers.—I he c> Under head ctwers are fastened by means 
of fillister bead cap screus. Hefi»re the screws arc reinovetl, the tachometer 
Hrive nssetnblv shtJiihl Ik' taken out as the cover Is not removable with this 
assembly in ]>lace. After removing the cap screws the covers may still 
refuse to come entirely clear. 'I'liis is due to the fact that in certain posi« 
ii<*n< there is md enough clearance l>etwecn the rams and the cover, By 
turning Uu* cranksliafl sh»w!y the cams will clear and the cover will lift 
off. Du not turn the crankshaft while the cover is held up fn»m the gasket 
surface as a turning cam may spring the cover. 

Gearcase and Ignition Assemblies.—1)1 sc<»nnect the hose connections 
between the water pump and the inlet water tiil>es and remove the water 
'ul>es (inanifolfls). The gearcase should not he removed until after the 
iN»si(irMi the liming marks is noted. The arrows on the magneto coup- 
hugs should line up with the scribed line on front of the gcarcasc when 
he breaker points on the L. M. magneto break to fire cylinder IL (vne left), 
he magneto coupling gear marks should line up when the central mark 
'U the gear of the upper vertical shaft is at the center i»f the upper opening, 
this position all timing marks should line up according to drawing 
4,650 (Fig. 681). 

The gearcase as shown al Fig. 676 is held on the engine by cap screws 
od nuts. There arc two cap screws holding each housing for the cam- 
haft driveshaft tii the cylimicr bl<Kk. The gearca.se j^hould l>e removed as 
unit. After remiwing the .screws and nuts holding the gearcase on the 
ngine pull the gearcase away from the engine about two inches. This 



1412 


MODERN AVIATION ENGINES 


will allow the removal of the inside distributor blocks of the Scintilla 
ma^etos. When e^jiiipped with Splitdorf SSIi niaijnetos the distributor 
blocks m»iy be removed wilhuul liioseiiin^ tlu* yrnreuse asscnildy, Remove 
the gearcasc and the crankshaft ^ear from the engine. The ignition wires 
conduits, and distrilmlor bl(»cks may !>e rcnuived as a unit. The conduit- 
arc held to the cylinder bhicks liy aluminum cHiw, Ho not remove thi 
wires from the conduits or the dislribuli»r Idocks as it is not necessary. 

Magnetos.—The mn^fnetns may Ik* taken utT by <lisco«nectiii|j the 5i>ark 
contrrd nids and removing' the four dural cap screws holding the luagnelo- 
to the gearcasc. 'I'hc k.M. and I..M. assemblies lK.'ar idcutificatum marks 
hut great care sluuild In* taken 1 u prevent the tlifFeretil parl.s from becomiiiji 
mixed. 

Cylinder Assemblies and Pistons.—It i** imt nceessary to remove t)i< 
intake **!/' manifolrls. Iml care should be userl t<» prevent tbein {r<mi ludii^ 
damaged. The K II. eylimler block slumld he rermoed hrst. If there are 
a number of nieclianics available it is advi.sabic to turn the engine so tli:d 
the right ham) Idock is bon/.ontal. There should be at least three mechaii- 
icR to reiiKiVe each cvlimler bhn'k, one siijjpt*rtiiig eaclt eml of IIk* block 
while removing it and the other to prevent the pistons and rings from being 
damaged If there are only two mechanies to do the work light chain (alls 
shonlil be tised \o lift each cybuder bl<»ck off. 'I’uru the engine so that the 
block to be rcmi»ved is vertical. Attach a sling ami lift the block slowly. 
Take care tti ]>re\cnt the Hugs ami pistons fr«*m living dainagerl. Remove 
the R-11. block brst. 'Hie ilhistraiifui tlMg AWi) >]to\vs one of the blocks 
being placed on the engdne but serves to show the metliod of renn^val 
just as well as it is the reverse of the as.sem?»ly when enough mechanics 
are available t<i do the vvrjrk. 

One retaining ring for eacli pistmt pin should be remtwed, I’sc a tool 
that will not injure the pi.slrm material, prying tlie pin out of the groove 
by means of the .slot millerl at the piston pfu bole of the piston. Kee]) each 
piston pin with it.s own piston. If the tnstfm jnn cannot be rcimived with 
the fingers, a tapered w'(K-»drn plug driven lightly intii the pin will accoim 
plish its removal. Remove the L.ll. cylinder bb«:k in the same manner 
Remove the piNtons fr<nn the master mds. 

Oil Pan Assembly—'l‘hc <»il pan may be removed after all external oil 
lines have been removed. The nil pump assembly' may 1>e removed either 
before or after removing the oil pan. The screens should be examinctl 
clo.scly b)r broken cotters and any foreign materials, and llien cleaned. 

Main Bearing Oil Tube.—'I'hc oil tube supplying the main bcarint'^ 
should be removed, lie very earcfnl to avoid springing this tube. Check 
the diameter of the holes in the flanges. Before re-assembling the engun* 
make sure the holes for the studs arc ‘-Jia-inch diameter. This diamelei 
hole albwvs for more expansum of the crankcase without putting the oi 
tube in tension. 

Connecting Rod Assemblies—The connecting n>cl assemblies should b 
removed next. After the caps are taken off the assembly may be remove' 
through the cylinder hole in the crankcase deck in which the master to 
is located. All parts of the connecting rod assembly except the wristpin 
are numbered. 
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Main Bearing Caps.—'Phc main bearing caps should he loosened by 
lapping the key way side with a rawhide mallet. Remove the caps and take 
I he crankshaft frmn the engine, taking care not to hit the shaft journals 
:igainst the studs. The thnist hearing should iu»t he rcm<»ved unless it is 
to be rcjdaccd hy another. Examine the crankshaft very closely for 
grooves, scralcljcs nixl Ichisc oil tuiR's, Remove the oranksltafl pbig-^. (’lean the 
I raukshaft asseiuldy ihoronghly. 

Camshaft Assemblies.—'I’he camshaft and hearings wifi come oiT as a 
unit. Care must he taken to keep the cam folk»wcrs from being mixed up» 
III order ti» reduce the \M)rk of re-adjlisting the ta)»pet clearance. U i.s 
rcconniieiideil that the be\el gears <m the exhaust caiU'^hafts he undisturbed 
unless it becomes necessary to change a gear of the liming. 

Valves.—'l est the vaKes with gasoline ti» see nhelher 4*r not they need 
griudiiiR. 'J'lic valve springs nuiy Ik* <le|ire>M*<l wilb the valve tcsil furnished 
111 the tcK>l kit. After the Unking pin f<jr the cone nnt is rennwed the cone 
may he unscrewed ami the sjinngs taken olT, The small spring kicking 
ling must be remove<l fri*Mi its gT«H»ve before tbc vaho can be renmved. 
*l'he vaKes are nuinhered just below the threads on tlie side of the stem 
and corres|Hind to numbers staiiijHal on the cyliiuhT head ne.sl to the valve 
•^leiii giiuies. Ik) not grind the v.alve.s iniles.s they need it. 'Phe valves 
should be cleaned, hutli bea<ls and steins needing tins attention. 

Overhaul and Assembly.—The overhaul shonkf In: carried tmt on one 
iiiplele asseinhlv at a time. All parts must be clean l»efore assenibliug 
r adjn.stlng. Keep all parts from rusting. Do not use brass or ciip]»er 
eking wire. Use soft iron wire, llie largest <liaineter tbau can be iised. 
Kever use any cotter pins that ha\c been bent, then straigditoned and bent 
ayain. Always use new colter pin.s. Keep the engine 'Vlosed** as uilicit 
as p<issible when working on it. **C‘lo.sed'‘ means all c<»v<ts such ns gear- 
case covers ill jdace if they do not interfere with the work. Cover alt 
n]>enings with clean cloth where foreign matter may enter the engine. 'Po 
do so may save considerable disassembling to remove some part drop]>ed 
Mito the engine by accident. He sure t<» remove all burrs. U>c a rawhide 
or rubber bainnicr for rapping jiarts that would he damaged by a rnetal 
hammer. 


(I > 
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If possible, during overhaul the engine should lie irniiintcd on a rotat¬ 
ing stand. The order in whicli the asscmhlio are referre<l to is the order 
ai which the assembly of the engine is carrietl out at the C’nrii.ss factory. 
' se new gaskets wherever they are needed. 

Top or Partial Overhaul.—If the engine is merely to have a "lop’* ur 
•arlial iiverhaid follow' the directions given in the section dealing wnlb a 
omplete <ivcrbaii!. T>o not disassemble more of the engine than is abso- 
nlely necessary. Such practices as grinding valves without removing the 
vlmder block are not recommended. 


Complete Overhaul, Crankcase —The crankcase should he washed 
horuughly with gasoline, iiarticularly in all corners and pockets in the 
astmg. If a compres.sed air and gasoline spray is available it provides an 
xccllent means of cleaning. After cleaning, the case should he <lried, 
referahly hy an air blast. Examine the casting ilmroughly for cracks at 
II studs, webs and keyways. E.xatninc each hearing shell closely for 
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Pig. 661.—Markings for Timing Gear Train of Curtiss D\2 Aviation Engines. 
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loose screws. If any screws arc l<»osc 115*11101 them. Do not lo<Jsen any 
light screws unless the leafing shell is lu be removed for replacement. 
Mote the condition of the lieariug metal. If the bearings are in g:ood 
r«nidition do not touch them. Do not scrape or burnish them. Measure 
ihcm to determine whether they arc *‘out of round*' or worn. To measure 
I hem assemble each caj) an the crankcase, lie sure everything is clean and 
ihat the numbers cm (he bearing caps correspemd to the numbers on tlie 
rrankcasc. T.)rnw nuts up to the same teusam as if the shaft wa.s in the 
bearings. 



Pig. 682.~Metbod of Assembling Curtiss D12 Cylinder Blocks HorisonUUy. 


The nieasurements should hv taken by a person who is using the measur¬ 
ing tools constantly. Diameters shunld l>e taken to the nearest quarter 
lousandth of an inch and recorded for each bearing. Do not measure 
ross the joint of the bearing and cup but take the meusurementa 
'Out one-fjuurter inch from the joint. Take at least four readings for each 
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bearing:, fhiplicate readings at right angles to each other. The bearing 
should be measured with a small inside iiiicromoter nr a pair of insid 
calipers aii<l a micrometer caliper. If the diametrical clearance in an* 
main hearing exceeds .005 inch that hearing should he replaced- Do nr 
replace, scrape or burnish any Iwanng that di>cs not have lo be rcplace<i 



Pig. 663.^Pixture for Supporting Crankcase of CurtUa D12 Engine for Boring Main 

Bearingi. 

if ain* cirall the hearing shells are to be replacerl, the C’nrliss 4,205-1*^. 
fly cutting borings b.nr assembly slioubl be Used fnr fiiushiiig^ the new bear¬ 
ings to size as 5hi»\vn at Kig. 6K.V kcaining of bearings is not recom¬ 
mended as this method is ti»o inacrnratc. Remove all lK*aring shells that 
arc to he replaced, lie careful to avmd damaging the slots in the screws. 
The new shells should he iiuinliererl corrcsismdtng to the nunihers stamped 
in the crankcase and the cut»s in the same tnaiiiuT as the old shells wvtc 
marked. Be sure that the crankcase half of main bearing shell No. 1 has 
a hole at the Uij) center. H this bearing shell <C-5,145) does iv»i have a 
hole a.s described the oil flow to the camshafts will In: cut off. A cmnidelc 
set of licaring .shells compri.scs eight <>5.14.**. .six C-5.14fj. one ('-5,151. and 
one C-5,15i shells. The <»ii1y difference between (‘-5.145 and C-5.14d i- 
that there i.s an «iil hole drilled at the center of C-5.t45. luich bearing .shell 
and its seat shtnild be well cleaned. Put all the new shells except those 
for bearing No. 1 and No. 8 in jdace. The seals and caps for thc'^e \\\'- 
bearings are l<» he used for pthding the C-4.i05-'r2'> tool and should ine. 
have the bearing shells in place. The clamp may then lie removed. 

Each bearing should be blted so that when the cap is held in place b> 
hand a clearance of ,003 inch to .007 inch should exist between the beariiic 
cap and the crankca.sc web. This gives h clamjnng fit in.sure that ih' 
bearing shells arc tight against their seats, it is well to have the clearao' 
or ‘‘draw” as large as the limits allow. File the ends of the bearing sUcIi 
until the clearances arc right. The assembly should be cleaned and Ih 
caps tightened <lnwn. All bearings except No. 1 and No. X should l>e cut t 
size first. Each hearing should be cut with a boring bar assembly •• 
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illustrated. This iKiring har and its operating' inuchaiiisni is placed on 
the crankcase according' to the blueprint (C'-4.J()5“T2*>> furnished by the 
makers on re<|ue.st. Use the liliiej)riiil. One hearing only is cut t<i about 
.0002 inch below the size desired with the culler and then is burnished to 
>izc with the luinii-shiiijj tiMil. Aflcr iHJrin^j all except Ko. 1 and No. 8 
remove the boriiij^ liar (not its attaehnlenl^) and put tlie shells for No. 1 
and No. 8 in place. Replace the iHiring bar and cut No. 1 and No. 8» 
|n^citin^^ from No. 2 ancl No. 7 holes and oil hides. Wash Uie assembly 
ihc»roufi:hly with Ka.scdine. He sure that the oil jiassatfes to the bearing’s 
and from No. I Ivcariiigs lo ihc camshafts are clean. Pay jiarticnlar alten- 
lum to cleaniiij’ (lie pocket just above the thrust liearin^ of any accumula- 
Mon of chip.s. 


Crankshaft Assembly.—'Koiihjve the crank.shafi oil rclaiuinij pluijs, 
wash and dry ihe crankshafi and replace ihe crankshaft plug's in their 
ktviginal i)laceR. 'riie i>ropeller thru si hail bearm;,^ should be first washed 
wilh kerosene and ilned with ciunpresscd air. altlumgli the air should not 
be bhuvn at loo high a rate on the hall retainer as it tends to <lrive dirt 
lM*lv\een the relainer ami the halls, ‘riir bearings should then he carefullv 
e.\aiiiii)e<( for deleels ni the miter and inner raees. in (lie halls and retaining 
i age iir retainer. If tliere are any defects .such as iiiUvil hearing surfaces, 
eraeks ijf riisl, llie Inaring slumlci I nr rejected. If ihe visual inspection 
'hows no ilefcets llie hearing shouhl he luhrivatvd with a light grade 
«yliiuler oil, alter winch it shouhl Ih; spun by hand to test it for iumsc. If 
the hearing' runs suiiHith and approximately as <jniet as a newv iK’ariiig it 
IS satisfactory for use. 

'I‘he end play in the bearing' shouhl he checked lakiug care that there 
]s no lost nu>tioti 111 the tnountnig of the <hal imhcalor in order that a 
llioroiig'h rea<liiig of the ciul play can be oblanicd. It is preferable to 
11 ion 111 the uulicati»r on one race checking' the mot am of the other race. 
The acUiiil emi play shouhl he deterniined ami not the play resulting from 
• wistmg' the inner race relative U* the (Uitcr. If the eml play exceeds 
UJ.S inch the lieuring' should be rejected. The alhiwahle end ]day tm a new 
l eartng is .010 inch. Jnspecthin of this hearing' can he made when it is 
imniiile<l on the crankshaft. 

When assenibling*’ a new bearing tm the crankshaft heat it to a maximum 
"f ap]>roximutely dOO deg'rees Fahrenheit, in hot oil t>utting it in place on the 
‘ ohi shaft tjiiickly, ‘I his tnetluMl jirevenls any po.ssihle injury to the 
•»eariiig' which might lie caused by driving it in (dace cedd. Never drive 
^.gainst the bearing races with a steel drift or liamincr. 

Measure all juiirnals and craiikpins measuring to the nearest quarter 
bousaiidth of an inch. Record these measurements along wilh those 
•f the main hearing's f<»r reference to determine the clearances. If there arc 
iny <jil tubes loose they slnnihl be spun in tig'hl with a C-1.215XT-2 tool 


■I an electric drill. Use cylinder oil for lubricant. When ready tt» assemble 
crankshaft in the crankcase all lieariugs and journals should be well 
ubricated with oil such as is used in service ami the shaft placed in the 
tarings. He sure ihnt the ud and lK*aring surfaces are clean. Do not try 
* force the shaft into the hearings before assembling the bearing caps, 
hi not try to turn the shaft liefore tightening the bearing caps. Hy plac* 
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jng ihc bearing <*a|)s in ami liKlitonin>' tluin down gradually the 

shaft will assume its pn»per position. Uc sure the nuts arc ]niiled up tight 
but do m»t force Ihciii lof. tight. (**»ttiT pins sh«»iilcl fu Ughl rn Ihc luilcs 
and should liu\o the ends spread so ihnt the center pin is light cmntgh uol 
to shake. tU* sure all .slotted or rasflc nnls are cotter pinned. 

Pistons and Piston Ring5.*^Keiiiove the cnrl>on fnnu each piston head 
and the piston ring gnK)ve, being careful to avoid seralching the ])ist<>ii. 
especially In the ring gnxivc. To clean out the ring groove use a toni 
that has the corner rininded to cmiform to the fillet at the bottom c»f tlir 
grofjve. The jdstou shonhl have m* rough spots on it, and if any ajipeai 
Slone them siniHith with a fine grit oil .stone. See that oil holes are clean 

The i)islon rings shonhl he tcsUnl for gap clearance. .After retnovin^ 
the rings place the piston in the cylinder and place the ring in the c>lim!er 
using the piston to line the ring up s«|uare uilh the hnre. Measure the 
gap with a feeler gauge. If the gat» is more than .020 inch the ring should 
he replaced. New rings should have a gaj* of .007 inch to .00^) inch- Ih^- 
ton pin.s should not he *'t>nt r)f round" more than .001 inch, ami sluriild he 
an easy hami push fit in each resjieclivc |Kisition after any carhon that may 
he tn the piston |)in hearing is removed. 

Connecting Rod Assemblies.—U the engine has the (dd style master 
rod with the sjdit hi»ss for the :*i-inch dianieter wrist ]iin l(H*kii)g I silt, the link 
iiig holts should he mutilated ami scra])ped at every overhaul ami new 
locking 1 Kills put in the rods. If the hwhing Indi.s are only ineh <!iam- 
eter. ream out the hole in the ho.ss <*J the iiiaster rod to .,17.^0 + <ir — 
.0005 inch for the inch diameter fnominal) Isdls. Pnl In new \i incli 
locking holts. Clean and cNiiininc the connecting rod assent hi ies. If the 
apt>caranee <d the lK*armg.s is gcKid. a.sseinhle the hearing cajis on the rods 
and measure the hearing.^. Keeortl the measiiremenls and compare with 
the crankpin dimensions. The average diametrical clearance shi»uld not 
he greater than .Oi>45 inches. If necessary to replace any hearing .slidIs 
the old shells may he removed hy cutting olT (he outside end of the brass 
rivets. Remove the nvcls and tbc shells can then be rcimnod. Xeu 
shells .should he clatnjjed in the r<jd liy mean.s of a clamj) or 

similar tool and rivet holes hore<l with a No. IT (wire gauge) drill. Thr 
X2.487-1**) to<d is used to ctninlersink each hole Ym inch heUiw tlie rou^h 
habhill surface Utr the head of the rivet. If a riveting fixture (C‘-1.2.^2 
T-10> is mit at hand the clamp should lie left on and the hrass nvcls set 
solidly, 'rhe .shell is assemhled in the cap hy (he same nutliod. 

The clearance or ‘Mraw" l>cl\veen the master rod and its cap should he 
.00.1 inch to .01 *6 ineh. '\\» fit to this clearance the cap sin mid be heUl b> 
han<l on the master rod. Rc sure the cap is in its ]iroper position. Ih.a 
is. the holt holes should he in line and the cap in its marked rclaliini to the 
rod. Detcrniine the clearance with a “feeler" gauge. The surfaces of the 
bearing .shells that are in contact .shonhl he straight and stpiarc. Test tin- 
surface with prussian hhie or a similar compound. The hearing cap mms’ 
not rock. If the bearing has the same clearance at the four Udt holes an^* 
the clearance is greater at the center it will fit proj>crly, hut if the clearam^ 
at the ci*titcr is less titan that at the Imlt holes the lienring ca]) will l>c strainer* 
To obtain the correct clearance a *‘seeoml cut" file inch to yi inch vvidt 
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recommended fnr filing the eiuls <if the l>earing shells. Do iiol file all the 
metal that is to be removed. Finish the last .0005 inch or .001 inch by 
rubbing the cap on a sheet of fine emery cloth which is .Mippc.rtccl by a 
-urfnce jdale. This will give a gcHwl surfure to the ends <»{ the >caring 
slicll. Wash the jmrts thoroughly. 



Fig. 684.-~Pixture for Boring Connecting Rod Bearings of Curtiss D12 Engine. 


'Phis “draw’* causes the bearing .shells to fit very light in the rod uhen 
I he cap is assemlded. Assemble the rod f*»r boring the bearing. ICarh 
bearing should be iHjrcd out in a jig nr fixture .similar to ('•1.2521’^ showi) 
at Fig. 684 to .002 inch to .0025 inch <»f the crankpin. A llycullcr should 
l>e nsed to cut the bearing to a diameter aUmt .0002 inch less than the 
blushed diameter. The hearings slnnild then be Inirnished to the desired 
'tze. keaming the bearing.s is Not Kccommcnded, 

The piston pins should he an easy push fit in the piston pin bushings. 
If necessary to renew the busliings the ol<l ones should be pres.sed out 
'•ml new ones pressed in. The two oil holes should be drilled with a 
inch drill. Remove the Inirr. The bushings .shonid be ground (Uit in 
a fixture similar to C*I.252»TI at Fig. 68.S to give a clearance of .0005 inch 
.0020 inch on the pi.sion pin. 

riic wristpin.s at the lower end of the articulated un\ shouhl be ex* 
"lumed h)r h»o.se oil tul)es and for wear. If the wristjun clearance exceeds 
•04 inch, the luishmg.s should be rejdated. The normal clearance is .0000 
’uh to .0015 inch. If It is necessary U» fit new wrist pm bushings the old 
>'e sh<»uld be removed as follows:—b'orm a spacer to fit snug between 


be ff^rked ends. 'I’llis spacer is easilv made from u piece of I Jk inch I.D. 
^ about .085 inch steel tubing. C ut the tnlniigulY s<|nare just a trific over 
iucb in length and dress it down sipiare until it just fits into the 
‘tked end, between the steel ends. Cut about one-third the ring of tub- 


ig nut and use it as shown in Fig. 686 A as a spacer to jircvent springing 
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the rod while pushing the Imshinj^s (nil. 

When a new* bushing is al>out }/i inch from seating, a small scraper 
should be used to remove Uie burr uiulcr ihe .shoulder. After thorough!) 
cleaning out under the shunhler, the bushing should he pressed in tlu 
remainder of the distance as .shown at Fig. 686 lb 1‘hcse bushings shouli 
he ground in give the correct clearance r»n the wrist inn J.OOOO inch \i 
.0015 inch). A fixture similar to that shown at Fig. 684 should be used l< 
make sure that the wrist and pistou pin holes afe at right angles w'ith tin 
center line of the rod, u.sing mandrels of the proper si^e at upper and 



Pig. 685.^Jig for Supporting Curtiss D12 Master Rod when Grinding Piston Pin 

Bushing. 


lower hearings. When all parts are e<»rrect the rr*ds sluuihl he a.sseinlde<l 
The bearings should l*e free enough s<i that the short rod will fall ea.sil) 
by its ow'ij weight- All correspomlmg jvirls except the wristpriis and l>cdl^ 
are numbered. The Iticktng Ndts for the wrist pins should he tight and 
the niil.s coitcred. The Ihdl gr>es in the n«l witli the mil down. 

Oil the connecting rod l>carings and the craiiVpin.s. Assentfde the con¬ 
necting rod asscjnhlies on the crank.shaft. The short rod should ho i>ni 
thrciugh the hole in the deck ftAji of crankcase) first, with the inasicr 
rod following. Then the sh^jrl th<\ can In* mined under the crankshaft and 
placed in the opposite deck hole. (Fig. 687). He careful to avoid scratch¬ 
ing the crankpina. Bring the l>eartng up to the crankpin and put the caj> 
over the bolt.s. Put on the nuts and draw the hearing together gradual!' 
and evenly. When ready Xu run the master nid should he on the left hai* ’ 
side of the engine. Be sure all nuts arc cotter pinned. See that the Jottc 
pins cannot move. Assemble the main nil ttihe on the main hearing cap- 
i)o not force it. Use new gaskets if necessary. Cotter pin all nuts au' 
bend the j)ins so that they cannot move. 
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Oil Pump Assembly.—The oil pump assembly should he taken apart and 
cleaned thoroughly with gasoline. First, remove the pressure pump cover, 
riicrc is a small locking ring on the end oi ihu pump shaft and the gear 
cannot be removed until the lock ring is taken ofF. Be very careful not 
10 lose this lock ring. The idler shaft may Iw liftetl oxU and the idler 
juul drive gears removed. After the drive gear is removed a slot may be 
>een where the pump shaft tosses through the housing. iJo not try to 
drive the pump assembly apart. Turn the pump shaft until the key lines 



' 686.—Method of Removing and Assembling Wristpln Bushing from Lower on 

Yoke End of Link Rod of Curtiss DI2 Engine. 

1 > with the slot. Then the pressure juimp housing may he slipped off 
ver the pump shaft. The other gears and housings may be removed in 
5 ^>»iilar manner. Do not remove the main drive gear from the pump shaft 
•dess a new one is to be assembled. See that the cotter pin is light, 
’d pump parts show very little wear as a rule. 

Inspect all parts as they are removed and clean them thoroughly. If no 
arts need replacing (due to wear or interference) the |nini])s may be 
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rc*asseiiil)lc<1. All gcnrs and housing will fil to^ctlier only one way. Tlip 
housings ar<* CDrrccily l<Kate<l by dimel pins. Do not use any oil whtn 
assetnbliiis: llic oil pumps. Put ihc lioHs thnmgh the lop lumsing with \\u 
heads at the fniiiip drive gear end. Put the dnveshaft through the screeu 
and the t<>]> housing and assetnblc llic gears so that the numbers on ilx 
housings and the gears corresjiond. Put the idler shaft in jdace and sll]. 
on the center housing and assemble its gears. 

The pressure pump should he assctnhled next. Dej not forget U) put llu* 
lock ring on the drlveshaft. I'ul the pressure pump cover on and asstunhli* 
the nuts <*n the holts. Draw all iinl.s up snug and turn 1 ?ie shaft with the 
fingers. It should turn easily. If the shaft cannot he spun the housings 
may he shifted .sfiglilly hy Indding the pump a^-senihly in <<iie hand and 
tapi)ing the vartims housings with a rawlnde haiinner until everything 
free, Then tighten up the nuts and cotter pin them. After detenninnig 
that the jumip runs freely by making the above adjustments, oil the jirw* 
sure and scavenger pumjis, and wrap the assembly in paper or c!i>tU so 
that no <lirt can enter 

The till pan should be cleanetl thoroughly. Me sure the studs nn<] nuts 

for screws) in the oil juimp hller gear are securely locked. If the engine 

is <me of the earlier Dli's it is reciumnended that the new stud asseiuhlv 

• 

be put in place <»f tlie cap screws i>f the idler gear. Assemble the oil piiiii]» 
as.seiubly on the oil pan. 'I'his assembly will fit only one way due t<i mie 
stiul being \uie(|iially s])aced with the others. 'I'hc cnl pan may now he 
Hsseml^led on the erankca.se. Put on the oil tube from the pres.sure pump 
to the crankcase. Turn the engine right side up as it is now ready for the 
cylinder asseniblic.s. If the cylinder bha-ks are not ready he sure to cover 
the asscmbleii case so that no dirt can enter through the hcjlcs in the decks. 

Cylinder Blocks.—The cylinder bhn'k.s should have the carl)(>n re¬ 
moved and sluuild l)c washed. L<Hik at the cyliiulcrs to sec if any of iheiii 
are scnretl or otherwise marred. Jf any cylinders are rough they shoiihl 
l)e lappc<l MticHUh. If necessary to grind the valves. Chiver {’tun]>ruiiid 
grade A is recoiumen<lcd for use. lie sure all comjnumd is washed out 
after grinding. Shoiihl the valve scats need recutting the work should be 
(lone with a C'“4.1 cutter assembly, The valves should he ground 

ti* an angle of 45 degrees. Cut the valve as little as jH»s.sililc. I^sc the 
tool furnished in (he tool kit Utr grinding the valves. The valves shoiihl 
be gasoline tight in three jxj.siiious after being grouml. After cleaning, 
assemble the valves and valve .springs. A special valve spring depressing: 
l(«)l as shown at Fig. 688 will facilitate the process. Assemble the h»ck 
rings on the valve stems. The split cr*ne nut .should l>c screwed on thr 
stem until the top edge of the valve spring washer i.s inches front 

the top machined surface f*f the cylinder head, if any of the cam follower' 
have the split ends or the locking screws l>ent rcjdacc with ones that .in* 
in good condition. Assemble the cam followers in their projicr positions. 

Oil the cylinder walls with clean engine oil immediately after cleaning 
Be sure that both lock rings f<»r each piston are in their respective groove 
using the double tubular tool provided in the tool kit. 'I'he double ttihuli' 
tool is used as follow'.s for inserting Ihc pi.slon tnn locking rings in th 
piston.s. Slip the ring Into the larger .sleeve and then put the smaller slce^’ 
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iiiUi the larger opposite the l>cvt*llc<l end. IMncc I lie levelled ciul of the 
larger in the piston pin hole and give the innor sleeve a sharp rap, driving 
It into the pistrm pin hide witli the h»ck ring ahead of it, 'Htc haik 
ring will snap into place in its groove. 

If a nuinbcT of mechanics are avAiIahle the cylinder blocks are easily 
;isscnihled liy setting the crankcase so that the cylinders may he held 
hrjri^.nntal an<l slipped on over the pistons, (Fig. 682). Oil the pistons 
and clamp the piston rings of pistons 3L and 4L with the brass clamps 
iC-4,285). 'J'nrii the crankshaft until the aU*ve pisUms are nearly at the 
\tt\i of the stroke. Now the cylinders may l>c slipped over pistons 3T, and 
41, until the pislcni rings are all in the cylinders. Then remove the (*-4,28.S 
I ianijis and use them f(»r clnmjMug the rings <if pistons 21. and 5f.. If 
(Ije.sc jHst<ms do not take a jK»sllicjii far eiiongli hcycnid 11. and 61. to allow 
(he rings ti» enter before ibc latter pistons are ready to enter their res])cclive 
i vlmdcrs Uic crank*<hafl sbonM be turned slightl> U* remedy this condition. 
'I'he cylimlcrs .should be slipiied over pistons 21. and .^L until the rings arc 
III the ryliiidcrs at this ]ioiiit. ('lani]i ihc rings on 1L ainl 6L and push 
(lie cylimlers <in, Uetiiove the clamps and sli]i the cylinder Mock down over 
die studs. l*ut at least four nuts with lock and lint washers on the .studs 
vn that the cylinder assembly cannot move. 

If hut two iiiechaiucs arc avadahle the cvhmler bU»cks should he as- 
scinhlcH hy usings chain falls. Do n<»t assemble the iiist<»ns on the short 
ro<ls iinlil the L.lf. block is assembled on the engine. 'I'he chain falls should 
hr used to Imld the cylinders in place rather than to lower them. 1'urn the 
crankcase so that the I. II. deck is hori;t<mlnl. Turn the crankshaft until 
pi sic ms 31. and 4f. arc alsmt thrce^fonrihs Ihc \say up. Lower the cylinder 
hlocks until the en<ls of the sleeve nearly touch the pistems. One mechanic 
dicnild gul<le the jnslons while the oilier turns the crankshaft. This will 
imsh pistons .31. ainl 4L inti» the sleeves until llie rings are iii the cylinders. 
Similarly, lower the cylinder block <»ver the <»tlHT |>iK|<ins and turn the 
engine upright. 'I'he pistons shoubl he assembled <m the short rods and 
die R.H. block put on the engine. Be sure the lock rings are all in the 
pistons. 


ft is recommended that the following procedure be carried out in 
tightening the cylinder hold-down nuts. Tighten the nuts on the cn<l 
Muds (long ouck) in the We and then tighten the cnrres|H)nding nuts on 
die <uilside of the bkick. This will draw the cylimlcr block down evenly. 

I urn Ihe engine .so that the same proceihire can be carried out with 
die R.M. block. Tighten all cylinder hold-down nuts evenly. 

Put the intake sparkplugs in tight. Put on the <»il tube that .supplies 
die cam.shaft hearings and lock the cap screws with locking wire (.042 
I'ch diameter soft irem wire No. 10 U. \V. (ia.). Cover the intake 
•‘manifolds so that no dirt or f«»reign matter can enter the engine. 

Carburetion Assembly.—*l*hc carlmretion as.semhly .should not be com- 
clely disassembled unles.s the carburetors have Ikhmi caii.dng faulty opera- 
•u. A bench cheek is siifhcieut if the carhnreti»rs have been functioning 
•rrcctly. This sliould lie carried out as dcscril)ed in the chapter dealing 
•th Strom berg carburetors. To rc-assemhlc the carhtirctt^r.s assemble the 
^ ' pipes and other c<|uipmeiU to complete the carlmretion assembly as it 



1424 


MODERN AVIATION ENGINES 

was when removed from Ihe en^ne. Leave the screws or nuts fastening* 
the ‘‘Y” pipes to the caHmretors loose. Unc<»ver the intake “L" main 
folds. Be Mire the manifolds are dean, then fasten the carlmretion assen^ 
bly in place. Be earefnl t(» avoid springin^f any parts. Oner all opening', 
where dirt can enter. Tighten the cap screw or mils holding the carbnrc 
tors to the *‘Y’* pijies. 

Gearcase Assembly.—Hemovc the water jnunp and lake off the inim| 
cover. If there is no clearance between the co\er and the impeller lln* 
parts will show evidence of nihlnng. 'J*hc clearance slum Id’he not les- 
than .015 inch. See that the impeller is light on its sliafl. The shaft shonlii 
have .003 inch l«» .006 inch end jilay in the housing. To rennive the pinup 
shaft it is necessary to remove the tajwr pin holcinig the dnral collar jusi 
alnive the hall hearing. Be sure to note wliieli way tlie collar wa.s as* 
senihled. There is a cenier jmneh mark on ilic shaft and another fin tlv* 
dural collar, 'riu* mark mi the collar is aho\e the hole h»r ilic taper )>in 
and i.s just hclow the mark on the shaft. Kcimoe the screw holding tlu* 
liacking rIaiuI niit locking device. Take i*lT the locking <levicc and hnck 
off the gland nuts to relieve the packing pres'^nre from the shaft. 



Fig. 687.—Assembling Connecting Rods to Crankshaft of Curtiss DI2 Aviation Engine 

'I'hc shaft an<l impeller should lie removed as a unit. I)o not try 
renuive the impeller from its shaft. The shaft and impeller may he driven 
out hy tapping the shaft lightly with a rawhide hatnincr, holding the 
housing in one hand. Clean and inspect all |»arts and if there are iv 
replacements needed re-asseinhle them. Put the shaft in place. H ih 
lacking glands need more packing simply add what is nec<le<l. Do n* 
remove the old packing. Lubricate it with cylinder <ii) before adding t!i 
new packing. The new packing should l>c well oiled liefore being plac( 
in the glands. Crandal Packing Comp3ny*.s Style No. 142 is recommctnle 
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If iherc is not enough room for more than a few strands of the packing 
.idd only those strands. 

Assemble ajid pack the honslng fur the hall hearing. 7hit the hearing 
;ii place and pin the cellar the shaft. Mend the cotter pin sn that it 
laniKit ‘‘.shake.'* Asseinhle the gland nut hacking device. See that no 
parts interfere and asseinhle the cover. L(K*k the screws with wire. Each 
. amshaft driveshaft housing, camshaft drivcsliaft and its gears, and the 
>;iin control <lrive may he remr.vcd as a unit from the gearcase casting. 
Kcinove the covers front the gearcase. Cheek the end tday of the upj>cr 
and h»wcr vertical shafts before removing tlu* taper tiins. The cn<l play 
of the iipjtcr vertical shaft is set t>ci\vcen .(107 inch and ,010 inch when the 
engine is Iniili. That the loner shaft is set hetween .000 inch an<l .014 
inch. If the ailjustment of the gears is not srrion.sly altcre<l hy their licittg 
more than the specific<l end play there i.s no need of replacing the Imshings. 

• The I'fopcr adjustment t)f the gears is trtate<l scparalelyT A diametrical 
(learancc greaier than .006 inch is suflicieni cause for re]ilaring ihe hnsliings. 

The nut on the end of each shaft lia.s a small file mark to <lenote which 
ua) the nut .should go on the shaft. *rhc vertical shafts are removed hy 
leiiiiiviug the taper pins and unscrewing the tdam nuts. 'Phcrc is no need 
IA removing' the U))pcr gear or the Kail hearing »»f the npjKT vertical shaft 
nidesK I he gears are to he read just e<l Me careful to keep the gear, shim, 
niu ami nut with its jiroper shaft, 'riiis will facilitate re^a'^semhly. Clean 
anc] iiis]iect all parts. 

If It lieeoincs iieee.ssary tr) replace a hushing' for cillier of the vertical 
^)ulf(s the kicking pin in tlic gearcase must he drilled out and the hushing 
<iiiveii out. A new hu'^hiug should he driven iu hy means of a 

tnaiidrcl and pinned m place. 'Hie hushing may he reamed to size piloting 
iioin the other hush mgs. While reaming, the gearcase .should he fastened 
a surface plate, with the starter «lcck u|». The hushing sIkhiM he faced 
oil* with a C*-6,029-TT UhiI until the jiroper end jday for the sliafl is ohlained. 
Miv shaft must he assenihled using the same slums and gear.s before ad- 
Misting the end play, 'rhere is no need of readjusting the gears unless a 
iffw gear is to he fitted or c.vcessive backlash e\isis, t.Oi.S inch) being 
' iiisidercd too much. Unless the gears arc to he rearljusted ot rejdaced 
'ke\ should not he removed from the camshaft dnvesliafls. If the g'un 
"•Minil drive assemhiy is removed all gears and hearings may he insjiceted 
^ iilmul further disassembling. 

^'hc magneto coujding assemblies should he removed. Unless there is 
’•idial i>lay or a great amount <d end play in the hall licaring.s there is no 
' iressity for taking the assemhiy ajiarl as the eoiulilion of the assemhiy 
m he determined hy feeling for lost motuni. U the gear needs replacement 
'•e a.sscnihly must he taken aimrt. (irip the gear in a vise with soft 
vvs and rem<»ve the nut and lock wasluT from the n|ii>er en<l. Then 
move the housing from the gear. One hall l>eariiig is held in the housing 
•<1 ihc other is on the gcarshaft. Melween the hearings arc one or two 
lims. 

If the hearing must he removeil from the housing the retaining ring 
uist l)c removed first. Use a tool with a rounded iKiiiit. Pu.sh one end 
• the ring from its groove hy inscrliug the tool in the hole provided and 
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forcing the ring out. The ring may then he removed by gripping the cr ’ 
with a pair of pliers and turning the ring so as to make its diameter smallr^. 
Do not forget to replace the ring when assembling. To re-assemhlc llu 
magneto coupling as.scmblics, place the lower hearing on the gearshafi 
Then put the shims in place and assemble the housing and its bearing 
over the shaft. Oil the bearings with cylinder oil. The splined conplinj: 
goes on next, lie sure the etched marks line up. Then place three shun, 
of .00,'^ inch material at equal distances around the coupling between it am! 
the aluiniiium h(»using. Put on the washers an<l the mu and tighten. Ur*, 
move the .003 inch shims and try the assembly. See that it rotates 
and .smoothly. 

The gun control drives shiuilcl have no radial play in the bearing , 
There should l>c n<il less than .005 inch clearance between the top of dir 
housing and the flange r»n the gun control .shaft. 'Phe end play (in Ihr 
housing) of the gun control shaft and l)carings sliouhl not Ijo greater than 
.004 inch or less than ,001 Inch. The shaft .should rotate siuor»thly and 
easily. Sec that the cotter ]>in is tight. Should it become necessary 1 o inKe 
the gun control <lrivo aimrt remove the taper pin and unscrew the niit. 
Hold the upper end of the shaft in a vise with sr»ft jaws while reiiinving 
the nut. Remove the gear, hall hearing and shims. Do not remove Ihc 
ball bearing fr<jm the housing except for replacement. To remove the 
hearing freun the housing the retaining ring must be removed beffirc 
bearing can be taken out. Renufve the ring as deserlbcd in the secltmi 
concerning the disns.scmbly of the magneto coupling assemblies. Keep 
the parts of each gun control drive together and do not get them mixed 
with any other. Keep all tiarts clean. 

A new bearing in the housing .should have end play in the housing 
of not less than .001 inch nor more than .004 inch. lUr sure to jml the rclain- 
ing ring hack in place. It is recommended that one end of the ring should 
he not more than one-half an inch from the hole in the hou.sing. Asscmhlr 
the parts on the gun conlnd shaft as they were hcfc»rc removal. Oil the 
bearings. The shims should be between the hearings. Mesh the marked 
.splines. Tighten the mits and drive in the tai)er pin if it is in gtjod condi¬ 
tion. If it i.s mit, fit a new one. See that the colter pin is tight ciwnigh 
50 that it cannot “shake.” Keep all assembled units clean. Cover them 
up 50 no dust or dirt can enter. 

The camshaft driveshaft is located by the housing that contains the 
ball hearing. Do not remove the upper gear unless a new one is to be 
substituted or a readju.slment made l>ctwccn it and the camshaft hcvrl 
gear. Its condition and that of the bearing can be determined wilhmit 
removing them from the shaft. Remove the tai>or pin and take the mii 
off the lower end of the shaft. The gear can then be taken off the spMtm 
There, is a .shim l>ctween the gear and the bearing. Keep this shim wiili 
the gear. The housing containing the bearings may be removed afle« 
loosening the packing gland. There is another shim between the bearin.’ 
and a .shoulder on the shaft. This shim controls the adju.stmcnt of 
gun control drive gears. Mark it and keep it with its proper shaft. 
shaft can now be taken out of the housing. 

The lower ball bearing should not l>e removed from Its housing excep’ 
for replacement. The retaining ring is similar to that of the magnet 
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coupling: drive housing and should be removed and replaced similarly, 
’['here should he not less lh<an .001 inch and nnt more than .010 iiicli end 
jday of the hearings in the housing. To re*asM*nililc, place the shaft in the 
housing. Put the correct shim on the sluniMer of tlie shaft and slip the 
hearing housing over the shaft. Oil the hearing and place the gear and 
jts shim in place. Be sure the marked splines mesh. 'Pighten the nut 
and put in the taper ]nn. !>» n<»t use any taper pins that seem liable to 
break at the cotter pin h<»lc. Sec that the cotter pin is tight. Assemble the 
uj)]>er vertical .shaft In the gcarcasc. using the shrill that was taken out 
unless a new gear or shaft is to he used. Oil the shaft and Imshings. 

Put the 151*l) shim and the lower gear on. making sure the marked 
splines mesh, and tighten the nut. Line up the h<de {(»r the tatter pin. 
Assemhic the lower vertical shaft (pump driveshaft) the same way. On 
:ill nuidcls l>eforc the 1)121) the cover fi>r the lop of ihe genrease slumid l>e 
}>iU on to align the up]>er end of the .shaft. On DlJl) engines aiul suhse« 
ijuent tiKKlcls the steel liner shouhl he p]acc<1 in the*n]»per opening of the 
gcarcasc. To try the gears place the crankshaft gear in place. Sec that 
the marked splines arc meshed. Mark the timing marks with a colored 
IH'ncil, 

Put the gearca.se on the engine. Make sure that the liming marks of 
the cranksliaft.gear and the hover gear c»f the ujrper shaft line up acci>rding 
Ut Fig. 6X1. 'Phe gears slnmhl Ihj clean and dry for testing and all oil should 
he washcti off them. Fasten the gearcase to the engine by emnigh screws 
and nuts to hold it in its ci>rrcct |M»sition. 

Turn the crankshaft a little at a time, and at each new position of 
ilic crankshaft lift on the upper shaft and try the backlash of the gears. 
'11ns can Iw dime easiest by ]>lacing twi> fingers at ofiposile sides of the 
liiwer gear of the shaft. The finger tips shimhl rest on the gear teeth. Push 
the gear up against the bushing .and rotate it imek and forth. 'I'he magni- 
indc (d the backlash can be estimated by an experienced mechanic, <»r pref¬ 
erably by means of narrow feelers or a dial indicator. Te.st the backlash 

• d ilic upper gear id the liover vertical shaft tlie same way. Hold the gear 
down against the Imshing. Try the gears thnmgh two full turns <d the 
irankshaft. Nine how the l«ick angles id the two gears line np. They 
>lion]d line up within %4 inch. Both the u])pcr and lower shafts should 
Sturt to rotate at the same time. 

If these gears fit satisfactorily assemble the magneto coupling assemblies 
on the gearcase. Do not forget to have the timing marks lined up before 
•i''scnihling the magneto couplings to tlie gearcase. Mesh the marked teeth, 
lighten the gearcase attaching cap screws. Hold the vertical shaft lower 
srear up against the flange of the lower bronze bushing and rotate each 
magneto coupling back and forth. Turn the crankshaft slightly and 
'ry the coupling gears again. If IxUh couplings are testcil at the same 
'iine one comidete turn oi the vertical shaft will dclenniiie whether or not 

• he backlash is satisfactory. 

The fit of the gears may l)e changed if necessary by changing the 
iSl-D shim under the lower gear of the vertical shaft and changing the 
hitns in the magneto coupling drives. 

The backlash is set at .00.^ inch to ,010 inch at the factory but as much 
IS .020 inch may be allowed. H the gears wear at a faster rate they should 
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be readjusted to have the l)acklash as originally specified. (.00,^ inch \ 
.010 inch.) 

If Iho backlash is satisfactory and the liacW anjjics of the hi* 

up within Km inch, the screws that hold the coujdin^r assemblies to ili. 
gearcase shonld be locked with a soft iron locking wire. (.042 inch diaii 
clcr No. 10 n.W.G.) 

7'nrn the crankshaft so that all the timing marks line up according tM 
Fig. fV>l. Assemble the camshaft driveshafts and their housings on il>» 
goariMsc. Use the gaskets where they ladoiig'. lie sine the marked leeih 
mesh. Fasten the ui>|>er end of caeli himslitg t^* the cvlinder hloek. Cheil 
the backlash of the lower gears of the camshaft tlriveshaft ami the iipjin 
gear oi the vertical shaft. The backla>h ami the hack angles should be a- 
specified for the other gears. These gears arc adjusted by changing the 
siiinus under the gears id the vertical shaft ami the camshaft «lrivesiiafts. 

I'or pnri«jscs of rllnslralion sui>|M»se the gear i»u llie lefl ham! eainsliiiti 
drivc.shaft has inn much backlash, and the back angles of that gear ainl 
the upper g^ear of ilie vertical shaft do imi tine uji within \,\ Inch with llic 
gear lA the vertical -•'haft tiK» higdi. If there were only lliese two in 

l>e c<msi<UTC<I the Iwckla^h and back angles ftmhl be made snli.sfaclors b> 
merely tdacing a thinner .Khmi iinder the gear of the vertical shaft. Ilns\* 
ever, sujjfjose the fit between the gear of the rigdil liaiul canish.ift iinvc 
sh.ifl and the gear <d the vertical shaft is satisfactory, then lowering llic 
center gear h»n vertical shaft) will correct the fit between it and I be h’li 
gear bill will sjioll the fit between tlic others. This is an extreme case ami 
the only remedy is to lower ihe center gear a little ami raise the right liaii'l 
gear a little. It will t>robably make the fit a triilc louse and the back anglc< 
slightly off on lx»th sides bill this compromise will give salisfaciory ojiera- 
tion. 

Jf ibe back angles tA the center gear arc high and Inith right and left 
gears arc hiuse. merely lowering the center gear will nsiially etirrcrt the 
backlash and bark angle at the .HUtne time. If both side gears are light nn<l 
their hack angles drop 1>elow that of the center gear the fit may U* ina<lc 
satisfactory by placing a thinner shim under each side gear. Ue sure that 
the vertical shaft is held np against the llange <»f the bri*nze bushing when 
testing the backlash ami 1>ack angle of all gears. 'Thi.s is ll»c position i» 
which the shaft runs due to the thni.st of the gears. 

Remove the plug fr<»m the camshaft driveshaft housing at the gun 
COiitr<»l ilrivc. Fut the gun conlrcjf <lrjvc in its tiruper place and tighten u 
down. Use the gasket. Te.st these gears as the others were tested. 1'hc 
hack angle may be viewed thnuigh the hole in the housing. These gear-* 
are acljustc<l by moving the large one up or down b}' changing the shiin*^ 
in the giin c<introl drive and by moving the camshaft drivc.shaft up or 
down, by changing the shim between the Icnvcr ball In-Mring and the slioul 
der on the shaft. Changing tlic latter does not alter the fit between tie* 
low'cr gear and the gear on the vertical shaft, ]>rovided the shim bctvvc< i 
the lower gear and the hearing is not changed. It dt>cs alter the relatio' 
between the hole for the taper pin and Ihc castellatiou of the nut. 

As soon ns the gears treated to this ixnnt arc fitted satisfactorily d*’ 
shafts may be ‘'pinned np.** If the holes for the tajicr jnns do not line u, 
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account of changing ahims. or the pins do not line up with the caste)* 
Nation, they may be made to, by filing the “clamping** side of the nut. Be sure 
the filed surface is fiat and at right angles to the longitudinal axis of the 
liiread. This will avoid a cramping acti<m. Oil all hearings. Tighten the 
nuts. Put the taper pins in and cotter them so that (he c<»ttcr pins cannot 
• slinkc.** Be sure all parts arc clean. Be sure that the etched splines arc 
meshed and that the timing marks agree with P'ig. 681. 

It is advisable to renic»vc the gcarcasc from the engine for asscnihling. 
\ftcr the parts arc assembled lay the gearca>e down so that oti may he 
]>iil in the Imlc leading to the Inishiugs for (he upper vertical shaft. Put 
.in imich od as |M*s>ilile in this recess. Avsenihlc the gearcase on the en- 
gme. hut do not h^ck the cap screws. He sure that the liming marks agree 
with Kig. (kS). the same gaskets that were used while making adjust¬ 
ments. I'sually there will he no need of making adjn.slmenl.s in the gear- 
ca^e and the lils need only li» Ihj checke<l Indore putting the taper pins 
iluiKigh the nuts and shafts. Wash the camshaft nsseuihlics. 



Fig. 6S6.~Side and Front Views of Old Type Valve Spring Depressing Toot in Use 
on Curtiss D12 Motor. Plunger Clamps Valve Stem, Body Pushea Down Against 

Valve Spring Retention Collar. 

.^11 engines after No. 445 and lln»se overhauled at the Curtiss plant 
ince h’cliniary 15, 1927, have the folhiu ing* marks in addition to the prick- 
:‘unch mark on the ge.ars of the camshaft:—The rear rib oi No. 1 camshaft 
*'earing ha.s two arrows stamped on the top. When the engine is timed 
'’frectly and in firing tKJsition on cylinder No. IL, these arrows and the 
' icbed arrows on the camshaft fianges shonkl lie in line. 

Remove the center nuts, take the camshaft liearing cap.s off and remove 
he camshafts. The tanishafl l>caring^s should be wipe<l out and inspected, 
'•xaminc all camshaft bearings thoroughly for cracks. Recondition or 
ci>laee any bearings that arc not in first class condition, ami wash up the 
umshaft and replace in the bearings. Use plenty of oil. Check the mesh 
d the marked teeth by comt>anng the marks on the Hunges and the bear- 
caps. Assemble the camshaft bearing caps. Rut on the small nuts 
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and washers. Assemble the shafts and bearings on the head, drawing thr 
nuts down evenly. U.se oil on the threads to prevent seizing the nuts. li 
the hearings arc ndt drawn down evenly the dowel pins may not enter i\u 
holes in the bearing “feet*' and further lightening of the nuts is liable 
crack the bearing. Ue sure tn colter jnn all nuts. Tighten the c<»tters 
that they cannot **shakc.” The liming marks on the bevel gears mu'^i 
mesh according to the diagram. 

The tappets should he adjusted (with the cams in an upright position) 
to give a clearance of .014 inch to .016 inch and the valves shouhl he syn¬ 
chronized. that is, l)oth should open and close at the .''ainc lime. To sH 
the clearances, the lock screws .should he loosened and the screws that fii 
over the ends of the vnhc stems adjnstc<l until the desired clearance is 
ohluincd. The synchronization can be obtained by jnitting a finger lij* 
between each valve spring retaining wasluT and the cam follmver atal 
forcing the cam follower diwvn slightly, by prying with a thin hladcd screw 
driver between the cam fcdlower an<l the camshaft. There should be im 
lost inoiifiii bclwccii the valve washer and the cam hdlcwvcrs when proji- 
erly synchronized. Ihuh valves must oj)cn at the same time. When the 
clearance is correct and the valves arc synchronirctl tighten the liwklng 
screws and reclieck the clearance and synchnuiization. H the bevel gears 
were removctl juit each be>cl gear haek au its iovn camshaft using the same 
shim that was taken ofT. Make sure that the tuning marks are in nhgnincul 

Cheek the backlash l>etween the l>evc) gears. Use the bronze hook 
wrench. Hold the small gear and turn the large one liack and forth for 
each jxjsition of ll^e crankshaft to determine the backlash. lie sure the 
gears are tested thnmgh one full revolution of each camshaft. The align¬ 
ment the hack angle can l>e easily seen. If it hccomcs necessary to 
change the adjiistincnl of the Ih'vcI gears the easiest way to adjust them 
is to take the nnt off the upper end of the camshaft driveshaft, then loosen 
the gcarcasc enough so that the gear can he taken off. J^ut a thicker shim 
under the gear if there is too much backlash or a thinner one if there is 
loo little. Replace the gcarcasc and tighten the nut on the upper end of 
the camshaft <lriveshatt. Try the gears. If the backlash and hark angle 
are satisfactory, replace the taper pin. See that the colter pin is light, be 
, sure the timing marks line up correctly. 

Checking D12 Timing.—The engine will be timed correctly if the tim¬ 
ing marks line up according to Fig. 681, but the timing should be cheeked. 
First, it is necessary to find the top dead center of piston IL (one IcfM 
by “tramming.'^ 1'his can he done hy using a device similar to that 5ho^^'n 
in Fig. 68*^> A or stmc similar device. A timing dial shfiuld he fastened to 
the propeller shaft. Set the p<Mntcr to any one jmsition and turn the shaft 
until the lamp indicates that the circuit is closed. Note the reading of the 
dial. Turn the engine slowly in the same direction (direction of rotatinnl 
until the light goes out Note the reading on the dial. The top dead center 
is half way between these two readings. Turn the engine in the direction 
of rotation to half way between the two readings. Then shift the ^Miiiitv 
to rearl zero on the dial. C heck as Iwhirc and see that the lamp lighi 
the same iuuiiIkt of degrees before t<ip cciiler as it goes nut after to)* 
center. Turn the crankshaft until the timing marks line up. These mark? 
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J^hould line up. or agree with Fig. 681 when the piston is 32 degrees before 
lop center. There is <mly one stroke in which all ihe liniitig marks lino up. 

'rum each magneto shaft .so that tint marks on the distributor gear and 
I IS housing line up. *rhen put the magnchi on the engine, lie sure the 
marked ends of the couplings line up. The stamped arrows .should line 
(ip with the line scrilK*d on the gearcasc an<l the marks on the distributor 
incurs and housing slionUI line tip. 
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Kig. 689 .—Indicator for Finding Top Dead Center of Curtiss D12 Engine Shown at A. 
^—Method of Using Lamp and Dry Call in Circuit with Indicator. C^Data for 

Timing Dl2 Engine. 

C heck the magneto timing in the fulhnving maniuT. For Scintilla 
AG-I2D magnetos. Remove breaker assembly from the left hand magneto 
and put a thin piece of filwr or other nonconducting material over the 
' ontact back of the upper part of the breaker as.sembly (Fig. 6^ A,) Put 
(he a.ssembly back in place and conned a fla.shlight lamp ami dry crll in 
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series with the breaker points, that t.s. ground one wire and connect ili 
other to the fixed breaker point. Turn the crankshaft backward to h\kw 
40 degrees before t(»p center. Turn the sliaft in the direction of rotation jn* 
encmgfi to make the lamp <niu Thi.s should occur :it degrees Ik'l' ( 
full a<lvancc. If it is necessary to change the magneto timing it can hi 
done by removing the two 1kiUs from the rim of the nuiplings and rotatin 
the ahiinimim an cl steel j)aris with resjiecl to each other, Put the IhiIi 
back in the t>Vi> opiiositc holes that they will go in and tighten them x\\t 
Check the liming. If it is cornrt put c<»tter piiis in the lndts. The 1< II 
inagiiclt» shniiUI (ire four dc’grees ludore the L.ll. niagui'lo. Kcniovc tin 
fiber strips fruin the breaker a'-senibly. 





ttfUUt i 

* • « 



r n* cm Nt. w,»4triA^ 


4r»NSICTM»S4 rCM* T>\<I4(. MVC.SIK4 


Pig. 690.—Connections for Timing Magnetos on D12 Engine. 


Turn the crankshaft in the dirccti<»n of rotation until j'isitm IT/ i« 
T.D.C*. Note the of the cams for cylinder I L. rbe\ should botli 

I>oinl toward the otlicr bl.»ck of cylhidcrs an<l their ni>i*er .surfaces shoii]«l 
be nearly jarallcl and almost |>ar.allel to the cylinder licarl. I his servc'^ 
as a check to determine whether <»r not the magneto fires during the correct 
stroke. Jo»r Splitdorf SSI2 magueli>s. Renuwe the primary lend (flexible 
wire ill Ijroaker assembly housing) and connect the breaker pednts in seri( * 
with a flaslilight lamp an cl a drv cell. (Fig. (»^t0 !»*). C hcck the timing jC' 
described fi»r Scintilla magnetos’ When the liming is correct reccmneci the 


primary lead. . 

To check the valve timing the following procedure is rccommciidvJ. 
Turn the crankshaft until all the timing marks line up. Then tcmtnmv 
to turn in the direction of rotation until the exhaust valves f<ir cylmdci 
IL are nearly ready to oj)Cii. If there is only one mechanic, hold the 
valve spring retaining washer of one valve with the fingers of the rigb 
hand exerting a roiatlvc ftirce on the washer. I’sc a long bar (about fon* 
feet) in the left hand and rotate the shaft slowly just before the vah' 
opens. If there arc two mechanics one should turn the shaft and the oth«’ 
should determine when the valves open. Record the dial reading, fo 
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nistancc 52*4 tlcgrces H.U.C. (before bolloin ccnler). The rca«linjr should 
he within throe ilentrees of that stamped on the name plate. ILsually the 
reading? is alwnit 52>i deirrecs IhH.C. 

Turn the crankshaft in the direction of iK»rnial engine rotation until 
ilie intake valve is nearly ready to open. I)etcnnmc jK t*j»cnini^^ point as 
lor the exhaust valve aiul record the read in j' (live cle^^rees li.T.C*., etc.). 
\\*xl deienninc the clo^in^ point of the exliuu.st valve. To deUTiuine this 
loiate the valve sjjnn^' ret am in washer with the fni^'crs and when the 
valve closes, the mechanic can feel the valve “prah*' the scat and slop 
turning. Record the actual dial rca<liiig:s. Find out when the inlet valve 
V loses. This Completes the events, 'rhey should aj^ree w ithin plus or 
iiiimis three dctjrees with the events stamtied <m the name iilale. The 
inning' diaj;rain is tjiven at Fig;. (j 80 (*. ( heck the \al\c liniintf i>f cylimler 
nU. 'riit events of this cylinder .should follow the Ci*rres|»nndin^ events of 
< ylimlcr II.. l»y ap]>ri».\tniatelv (Vl detfri c*s Mu’tween 5S ilc^rccs ancl 62 
le^rt'Csl. 

When iweruhinj; is satisfactory the enj^iue Is rcaily to he “closeii uii.** 
lie sure there arc no cotter puis left out of tlic lints for the camshaft 
hcarintts. lie sure all C(*tl<T jiins and hs*k w ires arc hcforc jaiUintt the 

• ylindcr heatl (camsiiafi) covers on. Make certain that tile lock scrcNvs 
of the cam follow er.s arc ti^jht and that the covers arc clean, ll is recoin- 
fnended that the camshafts, >:il\e .sprtnjfs, cam follow<TS, and ficars he 
"[Kiiritcd'* with clean cylinder oil I’lil jdcnfy of 4»il 4»n I'lair ahoiit half a 
pitii of cylinder cni iiili» each canisliaft <lrncshaft i 1 ousin^^ then a^scmhlu 
tiic cylimlcr head cover. The L.II. cover will not jjo on with the tachom¬ 
eter drive aclai)lcr in iilace. '^ 1 ^hk•n the screws f4»r the covers ami then 
Mrew the tachometer <!ri\c adapter in jdacc. Put all covers o\\ the ^car- 
easc excel ft for the starter deck. IMace the dislrihul<jr hliK*ks and 

breaker assctnldy covers in place and l<K*k (hem. If the starter clnich or 
"US removed put it hack in place on the cranksliaft ijcar. Jlc sure 
u eaiinol hiosi*n. I'onr at least 4»ne ipiart *d c\ limlcr idl in the cik^inc, mak- 
sure that the pocket containing; the hover vertical shaft is full. Put on 
ilie slarlcr or the cover fi»r the starter deck. I'nt in the exhaust sparkjiluijs. 
The intake plug's shoulfl already he in place. .Assernhle the water manifold 
'11 the w ater jackets and c<»uiiecl them tc» the water pump. I'.sc new luisc 
if necessary. He sure the hose clamp.s are in poial comlition. Instruc- 
imns for iiislalliiitf and ruuninj; the enj^ue will Ik.' f(«und in the chapter to 
follc»\v on "Installation.** The tabulations that follow arc a summary of 
' Icarauccs for the Curtiss Model !)I2 series en/jiiies. 


.SLMMAkV (IK a.KAR.\KCKS 


June. VJZT 

Allfm'ahir 

Mod«l D12 Series Engine b<foir 

Mm. Pfjirrd .\Ja.r. 

hi SI No. C-4492 '►r AV- 

yfiiiusiiitfj 

•fo.ikcr (iiiji—Spllldorf Mnenctu. 1^211 .024 

?breaker Gafn-Sphtdorf VA-l MaRucto. .«i5 (X1S 
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SUMMARY OF CLEARANCES 


Modet D12 Series Engine 
List No. C-4492 


Alhunhl 

heft^rr 


Breaker (j;ip—Snniilla M(xM At'clJM 

(VAtM>l)) . 

Cam f<illower—Dia. Clearance hi (luhle. 

Ca ni s I iii f I—I )iaii u*! rica I i' lea ra i u'v . 

C’ am s ha f I — lui il 1 May. 

Camsbafl l>nvc>liaft Jiall lU^aruiA'i—Mia. O.ir 

sure in UonsinK. 

Camslvift nrivcdiaii Re.irm^ hi HuiMim— 

KikI nay . 

Crank^1la^t• l>ia ('le.ir.oue in IVaniiKs. 

Crankshaft-<lun 'HiniM Ilc.iriiiK <filler Kace fjid 

Play m Craiikchsr . 

C ran k KI la f t—C) II Kri airline (*nl lar— I >ia. C Um i :iimt 

hi Craiikrase. ... 

ConnecHne KocI—Dia (Icarancr on Oankptn .... 

CoiniccliiiR KixWF ikI D.iy *m rrank|iin . 

Connect mg RihI fSliort) Hinl Play on M.isUt (••n 

nectnig l<n<l. 

Di&trilnitor Drive liMcnnc'lute Shaft—lha. Clear¬ 
ance (D*)2-K oiilx >. 

Dlstrilnimr IVivc InUTiindialc Sliafi—Ivinl I'lav 

fI)-12-F only). 

Distrihutnr Drivesliafl^lhu. Clearance I** 

onlyt .......... 

Clears fAll) Hackla^ll when u»Prl . 

(■ear Cas Pump Ttnxrshafl^ltia ('li’.irniu e. 

Gear Gas Pump Drivesluift—Fml Pkiy. 

Ciun C'cmircil ItrivcNliaft Ball Bi'aring^--Itvi 

Clearance in Tlim^ma. 

Gun (‘oiifrnl Dnvesluift Uppir Ball Rearing 

—Ri«l 3*Iay in H«m‘«inR. 

Gun Control Dnvcshafl Dia. llcarance in llouMng 
Gun Control Drivcsluift iCiul ('Icaranrc at Uip of 

Housing . 

Cun Control (E-4) 0|Kr.itiiig Plunger—I ha 
Clearance . 

Cun Control fE-l) Ctpirating Plunger—Rml Clear¬ 
ance on Cam. 

Magneto Olilbani ( ouphng Driving Flange Dia. 

Clearance in 11 oi i.sing. 

Magneto Driveshaft Rail Rcaringv^Dia. Clear- 

ance in Housing . 

Magneto Drlvcshafl—R aH Bearing End Play in 

Housing ... 

Oil Pump Line Shaft—Diamcthcal Clearaiuc. 

Oil Pump Gears—Dia. Clcarunre in Body. 

Oil Pump Gears—End Phy in Body. 

Oil Pump Gears-Dia Cleamnce on Idler Shaft 

Piston at Top I.and. 

Piston at Bottom of Skin. 

Piston Pin in Piston. 


Min. 

Pi'sircd 

.Ud.r. Rrf-hriii 
or Hr 
.‘^dtnstnu. 

012 


.015 


tms 

.001.5 

.4X125 

.fXW 


0020 

00.10 

fXJ.' 

.1101 

.005 

.000 


.ixhU 

xm7 

.IXIRi 

.4 XU 

HOIK 

.00.18 

.(HXm 

02? 

.0015 


.(H)2 

m 

.0005 

.0005 

.rX).t.5 

.iKXi 

.uv. 

4X11)5 

.012 

02.5 

.IHI1.S 


.002 

m 

.tHl2 

.m 

.OlA 

m 

.OIM 

.noi 

.IX»K 

.4112 

IHIU) 

(KI20 

.IX Kt 

.4X).5 

.INI.5 

4K17 

.010 

015 

tHMO 

iXi2t» 

4X1.10 

fX)5 


1M15 

Oil) 

.0241 

10)5 

.4X110 

IH)13 

(XU 

.002 


.(X)4 

.01 n 

.(MKU 


.0010 

.m 

OOlS 

.(NI.18 

.<xr« 

4125 

.001 

.(KI3 

.000 

1)111 

.005 

out 

.(125 

.11411 

iKM 

.IHJ2 

.oai 

.0U4 

.002 

.tKM 

.004 

.04 X) 

,008 

010 

.012 

.4u.; 

.000.1 


.0016 

.(XW 

.002 

.004 

.010 

.4U’' 

.0005 

.0010 

-001S 

(Kl' 

.004 

.00.5 

.006 

.OP 

.002 

.003 

.005 

.01 

.001 

,002 

002 

.<X‘ 

017 

.019 

.021 

.a* 

.010 

-012 

.014 

.a'* 

.000 

.001 

.001 

.Of* 
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SUMMARY OF CLEARANCES 

Model Dl? Seriet Engine 

List Nck C4492 

Priirctl 

//u.r 

.fHinwhir 
iff ore 
h'efitarwtt 
or Rc- 
Aifiusfh*/ 

IVti'ii Vin in ('imiHMiiiir Ihe!. 

(XNiS 

ms 

(Hk2 

.004 

IWoii King m (iroon*. 

(KJI5 


.4KL15 

.4)05 

IVton KiiiR Cap. 

I'ratvlliT Huh—hid. L'lcaramT ul Si null l*ani of 

1X1/ 

.m 

.4KX) 

.02(1 

Crnnkshdli when tivi4»c«l chi shaft hv hand 

tKI’ 


m 

m 

I'nnip* Hrivcshafl—IHd. Oaraucc in Hcarcasr.... 

IKIl 

.4X12 

.UUi 

.m 

humps Drivr^fwfi—Knd Plav in fimrcuH*. 

m 

.41111 

.014 

.025 

St»ark|ilug—f iat» 1 Hi * t . 

.(114 

.4115 

uir» 

.0.10 

Sparkplug—(iap fAt*». 

.(122 

m 

.1)24 

.0441 

TachoTTHicT Drive^lKifl—Du. i lcdr.imc. 

.INMO 

.(X120 

.oavi 

.005 

Tapi Hi—Cap . 

.4)14 

015 

.4110 

.OlH 

Valve—l)iHmetrical ('leurHiHV in fniulr.. 

Vertical hrive^lufl lull lU'ariii^—Dia. t Vara nee 

.onj.> 

4KH 

.ntu 

.4X)6 

ill HmiMiin . 

fjni 

(Nlli 

.00.1 

.006 

Vcnical Dfivtslult—l)u. i VifamY ai Lmer ImkI 

M 


m 

.006 

Vertical Dnveslufl—Knd Play in Dean’aM*. 

.4NI7 


.4110 

.025 

Water Pnmp Shaft- hVI liny. 

SN'ater Pnmp Shaft Hall IW.irinK—Ub. Clearance 

m 


.IHXi 

.1110 

Jll HuUMIlg. 

Wrist pin—Ilia. Clearance in Slu^rt ('onncetnig 

(KHM 

4HHI7 

.001 s 

.004 

KcmI . 

.4NHII) 

1X1)5 

.0015 

.006 
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CHAPTER XXXVIIT 


PACKARD WATER-COOLED AVIATION ENGINES 

Packard Aircraft En^inea—General Deacription of Engine^Crankcasc Construction 
—Connecting Rods and Piston Cylinder Construction—Lubrication by Pressure 
Oil Systenw-Retum Oil System^Water Circulation^ A voiding Steam Traps in 
Circulating System—Oil Cooler—Ignition Distributors—Ignition by Indepen¬ 
dent Magnetos—Double Magneto Ignition—Scintilla Magnetos—Battery-Generator 
Ignitiorv—Carburetion—The OU and Water Pump Unit—Improvements in Model 
2A4SOO Engines—Improvements in Model 2A-2500 Engines—General Specifica¬ 
tions—Standard Adjustments—Standard Clearances—Unpacking Packard Engines 
—Preparing Packard Engines for Service—Starting the Engine—Starting with 
Battery Ignition—After Che Engine Starts—Stopping the Engine—Care of Models 
2A-1500 and 2A-2500 Engine^After Every 20 Hours—To Check Timing Without 
Disassembling—Grinding Valves Without Disassembling Cylinder Blocks—Sum¬ 
mary of Operations for Complete Tesr*Down of Engines—Re-assembling Engines 
—Crankshaft Plug Assembly—Removal of Cylinders from Valve Housing—Tappet 
Adjustment—Valve Grinding—Camshaft Timing Instructions—Battery Distributor 
Timing—Tools Furnished with Engine—Base Repair Shop Tools—Standard Types 
2A-li00 and 2A*2K10 Engines—Inspection of Gear Reductions—Lubricating Sys* 
tern of Inverted Engine—Water Circulation of Inverted Engine—Carburetion of 
Inverted Engine—Packard 24-Cylinder X Engine. 

Packard Aircraft Engines.—Two engines of 5(10 and 8(10 lu>r>ri«iwer 
I’l'spcctively have Ijccn recently developed l>y the PaeWurtI Muior ( ar C oin* 
|»aiiy for aircraft service. When Ihese engines arc cuniparetl with previous 
<v]»es they are fountl to he more compact and to proclucc more jiower per 
liound of weight. When each is operated at its raletl speed, llir Model 
1.5(K1 engine shc^vvn at l**ig. <levclops 100 hursci>o\ver more than the 
i.iheity while weighing 140 poumis less, and the Model 2,5(X) engine de* 
orlops 250 horsepower more than ils predecessor, the Model 2.025, with a 
decrease in weight of /5 pounds. These improvements have heeii made 
^•ossil)lc largely hecanse oi a new type of cylinder construction. original 
“Uidics with regard to the lo;nls that can he carried hy hearings, reduction 
d the weight of the crankshaft while at the same time streiigtheiiiug it, 
fiid the Compacting ami lightening of the timing an<l acccssory-drivc lay- 
•ait. Other iniprovcinents were made in Uie luhricatiug system and in the 
design of the valve gear and .springs. 

The novel cylinrler constnicliou which has hecn previously desenhed 
• iiahlcs the cylinders to he spaced closely together and the weight (d the 
'hole engine to he diminished. Other aiKaiitages iucr»rporatt*d iut<i the 
Icsign include water circulation in close cmitact with the healed surfaces, 
lie use of a steel cvliiidcr Imrrcl as a wearing surface that carries the ex- 
. losion loads down to the crankcase, the ItKaling of the hold-down flange 
•aue distance from the end of the cvhnder hand so that the cinis of the 
arrcls of the cylimlers o( the two hanks can practically he allowed to touch 
uside the crankcase and (he engine can he run in an inverted position, 
dr, L. M. WfKdson has stated that the ccunjdete weight of the Model 1,500 
> lindcr is hut 9.5 |M)unds and the cylinder develops nearly 50 horsepower. 
^ he weight of the Model 2,500 cylinder U 15.2 pounds and the cylinder 
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develops 70 horsepower. The frniii end view of the Model 2A-1,S00 iiv 
verted engine is shown at Fig. 692 A and a side view at Fig. 692 B. 

Still other features comprise improved types of valve-hoMsing and valve 
gear layout; positive cooling of the exhaust valve by oil pumped through it, 
a special type of multiple cluster small diameter ])iaiK» wire valve sprin;;, 
simplicity in the grouping of the accessories; a special type of uiagnctn 
having a single magnetic circuit ami two indc|>ondrnt electrical circuits, 
either one of which will fire all twelve cylinders; the iM^ssdnlity of replnciiiK 
magneto ignition with battery ignition by substituting a generator for the 
magneto but without other change to the engine or to the wiring between 



Fis. 691.~Packard Model 2A-1500 Aircraft Engines. Direct Drive Model at Top. 

Geared Drive Shown Below It. 


the distributiirs and the sparkjilug.s; ilu* use <»f very .short, ccmiparativeb 
light, rugge<l RHppcr-ty|»c pistons; ami the ability t<» use either direct drl'< 
or gear reductions. In applying these fads lu c<»tnnuTcial aviation, thc*^' 
comparative performance.^ mean that the new engines can carry double th< 
pay^load over the same distance or the same pay-load 214 times as far a 
could their progenitors. 
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The pistons of both the Model 1.500 and the Mode! 2,500 engines are 
of s|>ecial interest in that they arc of the 5li(iper-fy|K‘ and arc very short and 
comparatively liKlil, allhongh of rugged c<»n>tnictiim. The Model 1,500 
|h>l<»n is imlu's lonjj and weighs 2.*4 iMimuls; the MckIcI 2.500 pis¬ 
ton is Inches Itmg and weighs 4.47 jmhiikIs, hare. The smaller pis- 
lon Is inches in diameter and has only 90 per cent of the weight of the 




NOrmil €n|lne 


front View 


Type Ergme Side Vipm 




Fig. S92.~Viewi of Packard 2A*1500 Aircraft Engine of the Inverted Type Shown at 
A and B. Compare Carburetor Location with that Shown at C. which ia Front End 
of the Same Engine Used in the Conventional Manner. Changes Neceaaary to Run 

Engine Inverted are Described in Text. 


Mbcrty piston although having fifteen per cent more area: the larger piston 
■** inches in diameter and has l>3 per cent of the weight of the Shenan¬ 
doah engine piston although having only nine per cent less area than the 
hitter. The lengths of these new pistons were established after a scries of 
ests in which the length of the skirt was gradually dlniiiusUcd. 



Cra/jf«trse ^ 



Fig. 693.<^Longitudinal Section Through Packard Aircraft Engine. Model 2A*1500 Inverted. 
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As a result of invcsti^ting the relation of l»earinfj materials to allowable 
and loads, it was ascertaii»c<l that failures of aircraft hearings rarely 
nccur because of lack uf lubncatiim or of wear but are caused by fatigue 
t,f the babbitt lining ]jroduced by tniiiiitc flexing of the back f>f the hearing, 
'rests showed that the limitations of the bearings could be raised provided 
I bey could be prevented from flexing under IikuI and ample force-feed luhrl- 
calitm were provided, 'riic P\* values of the bearing loads ad<»pted, as 
roinpared with ihiise <»f the Liberty engine, are: f<»r the crankpin, 18.520 
jiounds jjcr s<iuare inch us against 13.i(Ki: b»r the center bearing. .L^.OOO as 
:igainst 22.0.50; and for tbc inteniietliale bearing, 27.000 a** against 14,000, 



Prop^lfer. 
Hub • 


HiC 


Fwr^cifrf 


iiiwtcn 

hr'^r 


(t tr/iA•. fi '»/ itrrHffoK't 


rig. 694.—Longitudinal Section of Packard Aircraft Engine Model 2A-2SOO Shown at 
A Depicts Important Parts, Especially Propeller Drive Gearing. External Appearance 
of the Same Engine Shown at B. This Engine Develops 600 Horsepower. 


riie critical speed <>f vibration of the Packard crankshaft is 64 per cent 
'ngher than that nf the Liberty: it is also twice as stiff as well as weighing 
^ per cent less, a feature acrompIishe<l by the use of journals having com¬ 
paratively large outside diameters hut bored out through their centers. 

The crankcases of both engines are of particularly rugged design, great 
loplh being obtained partly because of the design of the cylinder and partly 
' ecausc of the arrangement of the main bearings. The eight main bearings 
shown at Fig. 693 which shows a longitudinal section of the inverted 
-A-1,500 engine are of steel-backed babbitt eonstnirtion. the upper half 
being doweled to the crankcase and the lower half to the forged duralumin 
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bearing caps that are accurately fitted in longitudinally machined ways ii 
the transverse wd)s of the crankcase. With this construclum, in a Vcc*typ< 
engine, the main bearing Indts are relieved of bending stresses impr>sed h' 
the cxplfjsion loads. The thrust hearing is of the deep groove radial ball 
bearing type and is located between two plain bearings in the front bearing 
cap. The lower half uf the crankcase is an alttmintitn stamping that serve- 
merely as nn oil pan and supports the combined juiinp unit by a generon . 
flange. 

1*hc propeller hub is of the la|»er-rit type on the smaller engine ainl 
carries a forged-dnrnluniin loose flange which, it should be noted, is inu 
keyed or otherwise located <m the propcUcT luih. a cemstruction that has 
proved perfectly .salisfactc»ry in flight tests as well as in overlna<l propellei- 
whirling tests. On the larger engines a sjdined hub wiili split centering 
cones is usc<!. 

Although Inith the 500 and the 800 horsepower engines were originally 
intended f<)r direct ilrive service, both have been built fi»r use with gears, 
the gear reduclum forming a separate unit b<»lled Xu a special crankcase 
flange. The gear Te<i«ctions have been designcil and built by (he AllistMi 
Engineering Company ol Indianajudis. They are of (he spur-gear single 
reduction tyiie and are entirely .self-contained. A noteworthy feature \< 
the employment of a shock>absorlniig drive between the crankshaft and 
the pinion that has proved very successful in eliminating the gear trouble 
resulting fnnn impact loading. Kig. A shows the sectional side view 
and Fig. 694 It Die sltle view of the 8(X) horse]u^vver geared engine. These 
gear redaction.s give a tw<»-to-t>ne reductiiui to the pro]idler .shaft that has 
been found to be particularly desirable for load-carrying airjdancs of iuim]* 
crate speed. In addition to providing improve<l finipeller cfllcicncy. these 
geared engines lend themselves particularly well to a streamline iiistall«v 
tion; and, in this manner, improved propeller efficiency and <lecreascd le- 
sistance combine to offer mi)K>rtant advantages in airplane perforinaiico. 
The 5U0 horsepower engine lias also lieen built in the inviT(c*il ty]K* aiul. an in¬ 
verted engine ha.s many advantages fur aircraft use. It is entirely po.ssildc 
that the future will see the inverted engine a.s one of the stamlard lypc'j. 
A side view of the inverted Minlcl l..'»UU engine is .shown in h'ig. (-^2 B, and 
a front view' in Fig. 692 A. A longitudinal sectional view is shown ai 
Fig. 693. 

General Description of Engines.—The models 1..S00 and 2.500 Packard 
aircraft engine.s are of jiraetically identical design ami construction and 
differ only in their relative size.s. The.se engine.s are of the tiO clcgrccs Vcc. 
twelve-cylinder, watcr-c<Ki1ed tyi>c having a rating of 525 brake-horscpjiwcr 
at 2.100 r.p.m. and 600 brake-lu»rsepi»wer at 2.500 r.p.m. for the sniallci 
engine and 800 brake-horse power al 2,200 r.p.m. for the larger eugiuc 
The Tno<lel 2A-1,5(X) engine ha.s twelve cylinders, Sfi-inch bore and Sjj* 
inch stroke, and the model 2A*2.500 engine has twelve cylinder. 6^‘iiicl: 
bore an<l 6^*inch stroke. Detailed specifications of the two engines will h> 
found in proper se<|uence and cross-.sectional views at Figs. 693 and 695. 

The cylinder construction is a composite design possessing the advait 
tages of both the unit type and block cast in resfiect to the ease of replace* 
ment of indtvidnal cylinders of the former tyjie of Ctmstruction and tbi 
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general rigidity and cl€an1ine5s of design of the latter type. The cylindc’ 
and valve housing assembly is mounted on the engine as a unit and should; 
be removed tn the same ninnner. 

Crankcase Construction.—'flic crankcase of the iiukIcI 2A-1,500 engin. 
shown at l*'ig. (i9S is of modiOcd 1 m)?( section type, the in«iin bearing up)>e' 
halves being supported in the transverse webs of the cranhcasc tipper ha)i 
and the main bearing lower halves being Mipju^rlcd in bearing caps. A 
speeia! feature in connection with the iiio lei 2A-1.500 crankcase coustrin 
lion lies in the fact that the bearing caps are ntlachcd to the crankcase bv 
means of long through bolts, the tii»pcr ciuls of which pass through cral" 
which engage the cylinder ho)<bdouii flange. Each t);ur of main Ijeanuj^ 
bolls is arranged willi an iiH*lnde<l angle of ti) degrees, the bolts being 



Pig. 696.—Connecting Rod Assembly of Packard Aircraft Engine Model 2A-I500 

Showing Clearances. 

parallel to the ctlmder a.\ts and I ho boiling vmfaco'- bet t\ eon the brarma 
caps and the crankcase upper half are s(|iiarc nilh the axl^ id the bolH. 
thus giving a wedge-hke appearance to the bearing cai»s ninl contributing 
greatly to the slilTness ami rigidity of the structure. With this arrangemetii 
the exjdosioii )oa<l.s arc earned from the cyliiuler to the mam bearing cap^ 
practically entirely through steel bolls, the crankcase walls .serving as cuni* 
pression mcml»crs. 

The crankcase on the model 2A“3.!'<)0 engine is of the conxeiiliimal ho^ 
section tvj»e, the main bearings be mg support e<l in llu* seven trails vcr^i 
webs of the crankcase upper half, the bearing caps being supported by 
sive stmls arranged vertically and screwed into the crankcase uj)per ball. 
The crankcase finish surface, to which the oil pan is bolted, is brouglil <lu\v'i’ 
2]/! inches below the centerline of the crankshaft, the object being fir.sl)> 
to add rigidity to tlie crankcase structure: secondly, to render the 4>il l>'i' 
attaching screws and nuts lUurc accessible. The bearing caps are dm*-' 
lumin foTgings except in the case of the front and rear caps which arc ca * 
of a special heal treated alnininum alloy. The mam bearings are of hub 
bitted stee]*backed construction and arc tioweled to the bearing cap 
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riiif! the cranl«caj.e iipi»cr half. The main hearings are provided with force 
feed luhricalion. nil beiii^ drllvcre‘1 llimu^h a horizontal inauifuld pressed 
Ml the crankcase ni)jH*r half ainl dislrihiilinj; thr<nijrli vertical tubes leadiii|j 
III each bearin^j* pressed in the crankcase transverse walls. The oil pan or 
crankcase lower half serves as a moiiiiliiij' for the ciunbiued water and 
«'il pump unit aii<l is ]>nivi(lcd with a screen extending its full leii^db to 
jinUect tlie tnuiij* iiidl from beiu^ <lauia^ed ?>y forei^t particles in the fiil. 
'rhe jul pan is jirovidcd with a .scavenj^inj; line lendinjf to llie front emi au<l 
serving to kccj' the craukca.se scavcii|»ed on a j;lide. The oil pan can be 
rriiioxcd from the eii>;ine at any lime willioui dislnrbiu^' the cii^jine bear- 

iiUJS. 

Packard Crankshafts.—The erunksbafts in botli engines follow* rus- 
liiuiarN nil craft engine practice aiul are uuteworlby for tbeir ri^id- 
II\, tlu* main jiuiruaK of the two entfines luea^'iirin^^' three inches ami 
.V' inches iu diameter respecltvtdy, ami the crankj>lnR are 2’5 inches and 



linred out w ith lar^w bolex and the crankpiiis are pbi^^rd to ]»rovir|e an oil 
H*-cr\oir for leadm*^^ ml to the crankpin jourtials These reservoirs receive 
oil from Ibe adiacent inaiil bearinj^s by iiieans <»f steel lubes presse<l into 
die crauksbafi at an an^de and lining up with the main bearing nictcrinc; 
yiMC»\es at one end and the crank pm bore at ibc 4»lber. Tl;e main bcarinjj 
iiii lcrin^^ grooves are loc.ated entirely in the U|»jier half of the mam bearinRS, 
eMemhiiR twenty decrees around their clrcmuferencc on tbe model 2A*1.5(KI 
eiiRine and dO decrees nronud llielr cirenuiferencc on ibe uhmIcI 2A“2,.‘'0l) 

i iiRlne, 

Connecting Rods and Pistons.—The cnuueclinR rods of luUb the model 
J\-1.5d0aml 2A“2.5dft engines are «d tbe articulated type filtejl with babliitt 
licariiiRs at^i^itsl direetlv to the Iur end of tbe connectiuR rod. as sh<iwn 
at b'lR Ti^Wi. The pwtnn ]mii Inixhin^*. m the cmineelinR rods are of phosjihor 
brioize and tbe same tmilerial is used rii tbe link j'iu bushiuRs. 'I'lie link 
I Ins are lelainefi in place by a tapered draw boll passniR ibrouRb a boss 
on the master n»d- 

Tbe pistons ‘if both eiiRiues are ahiuiimim castings of the permanent 
niolil type and are of sbpiwr dcsiRii. Pistons of dilTereni eomjiressi‘m ratios 
can be furnisbed to suit varviuR recpiirements. Three riuRS of the concert* 
'TIC Ivjie with cliaRoiial slot.s are fitted nlmve tlu* piston jiin and the lower 
' nifj jrr<H»\'e is fitted with an oil clram relief jirovideil with drain holes lead- 
’UR tbroiiRli ilie jn.stou walls. The lower riiiR is also Rrouiul with a three 
U’Rree tajier relief to act as an oil scraper riiiR. The piston tuns are allowed 
'o llo.at in both the coiiueclinR rod upper and tbe pi'^Um pin bosses. en<lwisc 
■’Movement beiiiR liinitc<l by snap riiiRs stuunR into piston 

"»n bosses. 

Cylinder Construction.—Tbe cylinders arc of all-steel construction and 
]>rovi<le<l w ith a hobl-down flange locate<l some distance above the lower 
ad of the barrel. The u|>piT cud ‘d the cylinder terminates iu a Hal ground 
iirfnee to which the valve housing is bolted by means of five Iour studs 
•istened to the cylinder head. A cnpper-asbe.stos Rasket is Interposed be- 
ueen the cylinder head and the valve ImusinR. The cylinder construction 


-MASTER CONNECTING 
I ROD ON LEET SIDE 



THIS SIDE or <. SHOWS THIS SIDE OE t SHOWS 
REAR or ENGINE LOOK- SECTION THRU LEET 
ING EORWARD CYUINOCR LOOKING TO¬ 

WARDS REAR 

Fig. 697.—Tranivcrtc Section Throush Peckard Aircraft Bncine, Model 2A-1S1' 

Inverted. 
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i> unique in that it provides (or water in contact Nvith all heated surfaces, 
I he cylinder head being of a double plate construction with water space 
between the two plates. This is shown in the cylinder .section at the right 
>ide of Fig. 697. The valves arc seated against the inner surface of the 
l.>wcr plate so that the cylinder head gasket rcfcrrc<l to is not subjected to 
explosion pressure. Circulating water is delivered to the individual cylin« 
<lers by means of a manifobi connected to tbe individual water inlet con* 
iicctlons at the base of the cylinder. The water is di.schargcd through the 
valve housing through holes provided in the cylinder top plate referred to, 
suitable ferrules in the coppcr-asl>€&(i>s gasket insuring delivery of the 



F(g. 698.^S«<tional View of Packard Valve Houaing Shewinf Location and Porting 
of Valvea. Pour Valvea Being Uaed for Bach Cylinder. 

«alcr to the valve housing through corrcs|>onding holes in the valve hous¬ 
ing lower surface. These holes arc provided in the cylinder around the 
eshaust ports only so as to favor the distribution oi water over the hottest 
|iarlR of the cylinder head. The cylinders arc provi<lccI w ith two sparkplug 
bosses which arc machined out of stock integral with the combustion- 
chamber fi>rging and a sheet metal water jacket is welded to the cylinder 
at the daugc provided near the lower end of the barrel and to the top plate, 
A single longitudinal welded scam completes the .jacket. 

The valve housing is an aluminum casting machined on all surfaces and 
used interchangeably on the right and left hand banks. The housing per- 
t‘»nns the following functions and is shown diagram matically at Fig. 698: 

(1) Distributes the mi.xture to the six cylinders from the two carburetor 
'‘rnj%.s header manifold connections. 

(2) Forms the exhaust i*assagcs, each two adjacent cylinders having 
iheir two ])airs of exhaust ports siame.>e<l into a single exhaust outlet. 

(3) Collects the water circulated through each cylinder jacket and dc- 
bvers same through a single outlet at the front of the engine. 

(4) Supports the camshaft bearing |>edesta]s and valve stem guides. 

The valve housing i.s turned end for end for use on the opposite bank 

‘f cylinders, the water outlet connections at the front end and the camshaft 
*]rtv«^ housing at the rear end being suitably drilled so that no change is re- 
juired in the valve housing itself, thus making It necessary to carry only 
ne type of spare housing in stock. However, it is necessary to plug certain 
Kiles at the front or water outlet end of the valve housing. The holes to 
*e plugged arc the vertical and horizontal oil pressure connection and one 
Uid hole on the model 1,500 engine and two stud holes on the model 2,500 
ngine for which no corresponding holes are provided in the W'ater outlet 
onnection. 
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The valve housinff is unilcd to the six individual cylinders to form a 
vlimler block In* iiicaiis of 30 long studs inch in diameter for the 
: ,5(X) engine and inch in diameter for (he J.SUO engine. Fnrihernn»re. 
i\vc» studs from each cylinder are used to hold down the camshaft hearings^ 
ilicse bearings being located accurately in line by means of hollosv ilowcls 
, iigagc<l in connlrrbores in the io|> surface o( the valve housing. The inlet 
.'iiid exhaust vahe guides have a light |ircss fit in the valve houMug and 
ii IS tvssentinl tliat a good fit he maintained at tins ymini cs]»ecially in re.spect 
lo the inlet vaKe guides to (ireveut oil leaking into the inlet ports around 
(ho (uilsule of the valve gnifles. The inciluicl of handling a cylinricr block 
a uni( (s sliovMi at Fig. (i*^. 

The frcjiit and rear camshafl bearings arc fastened to the valve housing 
bv three studs each, one of which is n cylinder hohl^down sInd and the 
oihcr luo arc siiccial studs for securing these hearings in place. 'I'he Cam¬ 
illa ft bearing at (he gear end is pnivided with a vertical ]massage and an 
ajiiinlar groove coiniunnicating with same for the purpose of inirodiicing 
‘t\\ into (he hollow camshafi at thi^ (xniil. the camshaft being suitably 

• h illed. The cam follnwcrv ojjcrate in reamed Imsses formed integral with 
die eanisliafl bearings uiul (he cam hdlowcrs are restrained fr«>m turning 
by loasiiii of their (laI surfaces engaging a ilal surface proviileil on each 
camshaft bearing^ The cani'^hafl liearings are luhricalcfl by means of oil 
lioles provided ill tlic camshaft in approxinialely (he center of earb beurhig. 
aiul tile lubrication of the cam ftdlowcrs is earned out in one manner for 
die inlet cam followers and in another luaniicr for the exhaust cum follow- 

Ilalf-rmiiul g^moves arc provideil in the inlet camshaft bearings which 
lead the o\\ escaping at the end of the heunngs to the top of the cam fob 
bkwer stem guide, this oil flowing (wer all cam folUnvor workings surfaces. 
The exhaust cam followers are luhneale<l bv the same means which conduct 
'•il li» the exhaust vahes for cooling jnirposes. 

This has been shown diugrainmatically and fully descrihed in a preced¬ 
ing'chapter, It c<niststs iif a vertical pas>age hi the exhaust camshaft bear¬ 
ing uhicli registers with a hole in the camshafi bK*ate<l radially with rc.sjicrt 
' • die adjacent cam so that oil from the cam.shaft flows down this pas.sage 
"hen the m».sc of the cam is at its highest puinl. or in other words, when 
dio corresponding exhaust valves are cl*>se<l. This vertical iia>sagc cotn- 
-•lUiiicates with a horizontal milled passage in the has* of the exhaust cam- 
baft bearing which leads to each exhaust cam follower guide hole. The 
' xlcuisi cam followers arc drilUnl Ixith vertically and horizontally and the ta(>pels 

* i‘c also <1 rilled The exhaust valve stems arc hollow and Tilted with a 
n,-inch .steel tube which is pressed into a iiccked-down section of the valve 
(cm at the upj'cr end ami is brazed to a J^s-inch pi^ie (»lug at the lower 

' irl through which this lube is inscried. Three horizontal holes arc drilled 
car the low'er encl of the tube and the valve stein proper is provided with 
VO liorizonlal boles just below the necked-down ptirtion. In ibis manner 
d iutri>duced under pressure at the upper end of the valve stein flotvs 
iwn inside the tube out through the holes at the base and up around the 
utside of the tube to the two outlet holes in the valve stem. When the 
niTishaft revolves the exhaust cam depresses the cam follower and the oil 
' hich is trapped in the cam follower guide is forced through the exhaust 
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valves in the manner indicated, thus coolinj: the valves and preatly prolong 
ing the hclween val\e jjrinOiuj; operations. 

Lubrication by Pressure Oil System.—The saiiic lubrication system j 
employ< <l on Imtli tlie mukIcIs 2.^-1 ..V)0 arid 2A-2.5<)0 ciiftincs. The same of 
pumps arc used on both eiifjincs and the oil circulating nicaiis are the sauu 
in luilh cases, Ibjlh eugine.s oi>eralc on the <lry sump princit>it\ usinj; iw. 
external t»i) tank and nil ciiolor. Oil is led up to the pressure oil piiui) 
throu>?b the oil ‘ in** line (Pi*inch O. D. tube connection) localivl at tin 
l)(>tlom of the oil juun]) bi»dy. The oil flows tbron^h a fine lucvh screen 
which Is readily accessible by rein<»viiijj the hesa«:cjn head screw lioMlm; 
the oil strainer cover in t>lace on the left side of the oil pump. After (lnw 
ing: throuijh the oil screen the oil is led into the tiressurc pump and is forced 
out either tbnmj'h a tircssure line leading; to the engine bearing's or )»asl 
a relief valve and tbrou^di the oil "out** cmiucclion leuiliu^ back ti» the tank 
In the model 2A-2..^nO engine a fine nie'.li screen is also pivwided oti ihe 
dischar^^o side of (he jircssiirc pump, the suction screen on this moilel eiujinv 
beinjj of coarser mesh. Oil under pressure is le<! to the oil manifold e\ 
teudini; the full length of the cnj^niie and located at the t^p <d the crankcase 
by means of passa^'es provided iii the <mI pump body nml crankcase oil ]>au 
These jinssa^es consist of steel tubes prosed in the alumimnu casliiiRs ami 
“matchcil" joints are provided between the oil juinip body and the crankcase 
oil pan and between the oil pan and crankcase respectively. 

Care shoubl be taken that clear holes are provided in the ^jaskets at thoc 
two (KUiits t(j prevent an obstruction to the oil supjdy renchini' the cn^diu* 
Vertical tubes are pre.^sed into each crankcase main bearing' wall, these 
tubes comniunicntin^ with the hori/cmtal manifold referred to. It should 
he noted that all of these oil coiincctitnis arc permanently pressed in place, 
preventinj' the possibility of loose connections developing in service. The 
main bearing upj>er halves arc drilled ami furnished with liolhnv dowels 
which permit the oil to flow through the metering groove jwcwided in iIium’ 
bearings, .Steel tubes are prcs.sed into the cr;iiiW>haft and terminate at one 
end in the main journals in line with the bearing metering groove ami at 
the other end coninntuicale \vith the hollow crankpins. These cr.ankiiins arc 
jdiigged at both emls by means of duralumin pings lockeil together with :i 
through bolt and an oil feed hole is drilled in the crankpiii to lead the oil 
to the couuecliug rod bearing. A connection for the rnl gauge line is pto* 
vided at the front end of the crankcase, thus rcgi.slering ihc lowest oil jwes 
sure in the .system. At the rear end of the crankcase a tube is pr<Jvi<U’d 
which terminates in a J4*bich internal pijje threa<i into which is scrcwcil 
a tee provided with connections for the two oil lines Icarliug to the camsliafi 
housings. 

The timing gear bearings are lubricated by oil passages, each bearini; 
being positively fed from the main lubricating system. The camshafts aw 
lubricaterl through oil passages leading through the rear end of the vaKr* 
housing and through a matched joint between the rear camshaft bearin’., 
and the housing. This rear camshaft bearing is provided with a continuon 
groove and the oil flows into the camshaft through two holes provided 
the camshaft in line with this groove. The camshafts are hollow an*' 
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plugged at both ends and have oil holes specially located in the bearing 
adjacent to the exhaust cam followers so as to register with vertical pa' 
sagos in those t»ar(icular camshaft bearings at such time as the toe of l!i» 
adjacent exhaust cam is at its highest |Mniit. that is. 180 degrees from th- 
valve wicle-open jv»sifioti. In this manner nil under pressure flows throuj'i 
the camshaft and through the camshaft bearings and into the cam follottn 
guide. 

Return Oil System.—The excess nil ihnmn from the connecting ux] 
and main hearings after lubricating the pistons collects in the lower ha!’ 
of the crankcase or oil pan. The <nl thri>\vn tmt from llu* enmsbafi bent 
ings aiu( the <‘il pumped through the exhaust valves collects in the val\i 
housing conifiarimenl and drains back t<i the oil ]>nn through drains piM 
vided li<»th at the fr<»nl and rear of the engine, Wlrcn the front end id thr 
eng'ine is hig'h, as in a plane with the tail on the g^round or when clinibiiu:, 
the oil fr<»ni the val>e housing ctnnpnrtmcnt returns to the crankcase 
through generous cored holcH provided in the up|KT camshaft drive lioiis> 
ings. This oil together witl> tlie oil rclnnied from the vari^nis timing geiir 
shaft fiearings flows tiuough two oil Iraji.N j•^o\^de<( in the horizontal weh 
extending across the timing gear coini>arlment just ab'we the crankvhali 
The j>nr))ose <»f IheM* oil traps is to prevent crankcase \a]»or.s, coiisislmi; 
of product'' ^»f Combustion wlucb have leaked b> the juslons, frr»in ri*'iiig 
into the timing gear and camsbafl coinpartniont and caii**ing rnsling of 
thc.sc i»art.s due to c<m<leusaiion. After rtfoving tlinnigli these <»il traps tin* 
oil collects ill the oil iian. When the front end of the engine is low, as in 
gli<ling or <l 1 vlng^ the oil from the cani*'liafl housings flows to the froni 
end of the crankcase through the <nl reinrn tubes jirovidcd on the outside 
of the engnne at the forward end. 

The oil which collects in the oil ]>:in or sump passes through the screen 
•which covers the entire bottnin jiortion of the oil ]ian ami is returned to 
the outside oil lank by means of eitlier or both <n\ scavenging pumps pro« 
vided Ml the pump unit. These two scavenging jmmj»s are fiirmed by en« 
closing the three spur gears which are niouiMcd respectivedy on the water 
pum)) shaft, the fuel pump driving shaft and the i*ressurc punij) shaft. Flie 
intermc<hatc and fi»rward or oil pressure puniji driving gear ronihincd f(‘nn 
a scavengings pump which drains the rear eml of tlie crankcase, the oil fl<nv* 
ing to this pump through a h<dc provided in tlie gear cover <»f llie scaveng 
ing pumps. The intermediate and the rear gear which is iiiouiiletl on the 
water pump shaft coinlnne to form a 5c;i\enging pump for the ft»rward end 
of the crankcase, a pipe being clamped to the bottom of the oil pan and 
extcmliiig to a small sumj' at the front end of tlie o\\ |>an for the 
of colleclfng this oil and deli\cring it to the rear scavenging pumj) througl* 
suitable passages formed by a inatclied joint between the ininij) unit bod) 
and tlie crankcase oil pan flange. The comldncd oil and water pump 
sembly is shown at Fig. 7(10 ami all the parts disassembled at Fig. 701. 

External Oil System.—Two I .'4-inch h<isc connections are provided or 
the oil pump for the ' oil in’' and "oil out" connection.^ rcsi>cctively. tin • 
markings being cast on the oil .strainer cover so as to indicate the purp<|* 
of the two conneclkuis, The oil shouhl be led through a suitable oil cooh 
with a distance thermometer placed preferably in the circuit before the 
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liasscs throug’h the cooler, but in any case, the thermometer should be dis¬ 
tinctly marked as to whether it indicates ‘‘oil in" or “oil out" tcm|ieralurc. 
I he oil Cooler re^oilalor shouhl have a ccmiIiii)^ surface of ainml 25 sijuare 
tcel for the model enjjiiie and abinit 4(> M|iiare feet hir the ino<lel 2,500 
rii^duc. and it is im])ortant that this oil c<M»ler shotdd be huill amply strong 
Uf withstand 150 poimtls per s<|uarc inch pressure which may be encoun¬ 
tered (luring the first few inlnntcs of running with an engine with con¬ 
cealed oil in extremely cold weather. Tfie oil cooler should also have 
suitable drains (or draining iKith the oil and water (if used) sections. 



Fig. 701.—Parts of Oil and Water Pump Assembly of Packard Aircraft Engines. 

'i‘be <nl should be discbargr<l inln ibc external (dl tank near the top of 
•'ame, and this (dl lank sluintd have a capacity uf heluceu am! Vij. of 
the gasnibie cji>acity of the |>lanc. this \alne cxchiding an allowance for 
expansion aniounting to un adijitional ten per cent of the viilume. The 
lowest part of the oil tank should be preferably arranged to be .slightly 
'libber than the inlet connectum to the oil pump. 

The top of the oil tank should be vented to either of the connections 
^provided at the rear end of the crankcase or at the front, whichever may 
'•i' more convenient, this vent t>ipc being not less than ^»-incb O. D. and 
the piping being as direct as tHisstble, avoiding any low points in which 
••ugealcd oil niigdit collect in cold weather. I'hc lowest point on the oil 
lank should be connected to the “oil in" connection on the oil pump unit 
»v me.'in.s of a )4-incb O, I). pipe. Special care should be use<l i‘> insure 
hat all external oil pipes be as direct as jHKSsiblc and free from sharp hemls, 
uicl a suitable drain should be )»roviderl at the low'est point in the system. 

here the oil lines lietween the <hI lank, <mI ccK>ler and the engine arc ueces- 
^i^lly h»ug they should be water jacketed for llieir entire length and this 
*i>K'edurc is also ndvi.sablc even when the lines are short so as u* promote 
l»e flow of oil when in a congealed condition by means of hot water cir- 
ulated by the engine. 

Water Circulation.—The water circulation systcni through the mmlels 
^^•l,500 and 2A-2.5(X) engine follows conventional practice. Water is de- 
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livered to the inlet of the water pump through an elbow connection or r 
vertical connection as re<(uire<l by moans of a 2J^»-inch I. D. hose fittriu 
over the elbow c<mncclinn whiih can be attached tt» the |mmp at any n 
six different position^. The water pump forms jmrt of the oil pump ijin; 
shown at Fips. 700 and 701 and ib 4*f the centrifnual typo, is driven at IJ. 
engine speed, and delivers approximately 100 gallons of water per minmr 
at 2.000 thronjjh an unrestricted external system. The water purni* 
body is provided with two ontlrts, c»nc to each hank of six cylinders, aiul 
external steel manifolds coiulnct the water t<» the individual inlets near the 
base of each cylinder. The water flows ut>\vards Ihroujjh the jackets, cn 
tirely surrontidiitfi: the cylinders. an<l completely covers the cr>mbustir)n- 
chamber head. Holes are provided surroundinc the exhaust ports leadiui; 
the water thremgh the C(*j»t»tT-asl>estus gasket into the valve housing;. In 
dividual water outlets are pnwided at the fnmt end of the valve housiii|;s, 
these being; adapted to receive bv^-inch I. D. hose for both the model 2A- 
1,500 and 2A-2.500 enjtine. 

When installed in a plane so that the engine is either level or with ihr 
propeller end high the entire water system can be drained by removing the 
plug provided in the water pump inlet elbow. 

Avoiding Steam Traps in Circulating System.^With a conventional 
nose radiator installation, in which an expan.sion tank is hiiilt into the 
radiator and receives water from the engine hy vertical rising connections, 
there is practically no danger of steam |>ockcts forming in the system if 
ordinary care is used to insure the system being full of w'atcr and free from 
any air p<Kkets. With the growing temleucy toward.s using tunnel radia¬ 
tors or other types of radiators imninted below the engine great care niusl 
be used to avoid forming steam traps in the system. The one infallible rule 
to follow is that .steam will ahvays rise to the highest point in the system 
and can rarely be induced to flow downhill. Therefore in any cooling sys* 
tern employing a radiator, the inlet of which is !>elow the top of the engine, 
it is essential to tirovidc an exjiansion tank and this expansion tank must be 
piped to the water outlet connections of the engine by pipes which leacl 
continually iii)war(l when the engine is in a level flying or climbing posilijiii. 
Under gliding or diving conditions this precaution is, of course, not essen¬ 
tial. Where the engines are operated as ''pushers’* special vents are pru* 
vided in the camshaft drive housings and these vents should he led to the 
highest point in the water system with no loops or horizontal runs. 

Tapped bosses are provided on both right and left hand water outlet 
connections to receive standard distant^type thermometer bulbs. A single 
thermometer on each engine is considere<l sufficient and shoubi be mounted 
on the instrument board in the usual manner, hut in the case of a dual con¬ 
trolled machine it may be advisable to provide a separate instrument for 
each cockpit. 

Oil Cooler.—The most preferable form of oil cooler is of the watcr-tuhc 
type. It is essential that the water circuit through this cooler be as direc t 
and unrestricted as possible in order not to throttle the water pump capacil^ 
at high speeds. In laying out the water system it should he borne in mind 
that the piping should be as direct as possible as sharp bends introduce 
high resistances. 
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Ignition.—Three alternative (orins of ignition can be applied to either 
the model 2A«1,500 or model 2A-2,500 engines, dependent upon the service 
requirements. The.sc three tyi>c8 arc the following: 1. One double magneto 
iimuntcd in Vee with two independent distributor drives. 2. Two twelve¬ 
ry linder magnetos carried on a bracket bolted to the rear end of the crank¬ 
case as shown at Fig. 702. 3. Haltcry generator ignition furnished by two 
distributors mounted in inclinc<l position at the rear end of the engine in 
conjunction with a generatf»r mounted vertically in the Vee or horizontally 
al the rear end of the crankcase. 



Pjg. 702.*^lilagneto Drive Aesctnbly of Packard Aircraft Enginei, Modeli 2A-1500 

and 2A-2500. 


Distributors.—Distribution of the high tension current to the two seta 
'•f sparkplugs is accomplished by two indcjiendcnt but interchanged dis- 
irilmlor.s driven resixrclivcly off of each camshaft <lrivc‘shaft at one-half engine 
speed. The distributors are timed in substantially the same fashion as the 
battery distributors with the exception that the rotors arc arranged exactly 
'>ppo5ite to the center of the radially arranged distributor terminal at such 
ume as the magneto contacts are just separating with the magneto advance 
lever in the midway position between "full-advance” and "full-retard.” It 
will be noted that the distributors when used in conjunction with the double 
niagueto are locked in position and are connected to the advance lever con¬ 
trol as in the case of the battery distributors. The proi>er synchronizing 
the high tension rotors with the magneto interrupters as outlined above 
I'i essential for the satisfactory operation of the engine as lack of this syn- 
’ hronism may make the engine difficult to start and also cause missing at 
‘•igh speed. A connection is provided on the distributor cap for a booster 
iiagneto high tension connection. This terminal is provided on either dis- 
ributor and connects with a trailing brush on the rotor by means of an 
usulated ring set inside the distributor block. Each distributor on both the 
nodels 2A-1,S00 and 2A-2.500 engines fires all twelve cylinders, the left 
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distributor bcin^ wired to the inside or inlet sparkpluprs an<l the riffht di 
tributor being wired to the outside or exhaust sparkplugs. 

Ignition by Two Independent Magnetos.—Tn installations requiring tlv 
use of two indepemlcnt magnetos thc'^e instrutnents arc mounted horizon 
tally on a bracket l)o1te<] the rear end of the crankcase. The magnetn 
are driven at one an<l one-half times engine si)ced through adjustable coui> 
lings. The drive is furnished by a bevel sjkm»1 gear meshing with rin 
integral bevel gear provided on the c.anisluift center ilrivc'ihaft. Iknb nvn 
netos turn in the same direction, viz., coiinicr-clockwi.se facing the driviri*; 
end of the magneto. Ajq>roximatcly c<»rrcct timing relationship is estab 
lishcd by mc.shing the proper teeth nii the bevel pinion driving the tnagneo. 
aiid a fine adj'nsiTiieiit is secureil by clamping tlie two halves of the adj'n^Ni 
able coupling in the correct j>ositioij. The follnuing arc the recomnicnib <1 
settings: 

Hieb (*«imjirrvsHiii l^i\v OunprfsKMHs 

Model 2A-1,500 engine. 35 deg. adv. 40 deg. adv. 

Model 2A-2.501) engine . 44 deg. adv. 50 deg. adv. 

Note: The above settings are to be made with the spark advance lever 

in the full advance position. 

The magneto contacts should be ailjusted to show a gap of frr)m (il2 
inch to .Ob> inch at the lime of maximum cqicning. The hnv tension 
minal on each magneto is to be connected to the corresponding terminal 
on the ignition switch, and the high tension bfM>ster magneto connection 
should be conncctei! preferably to the left hand magneto which is use<! t«» 
fire the ln.«;i<!c or inlet sinirkjdiigs. The right hand magneto is wircrl to firr 
the cxhau.st or ont'^idc sparkplugs. The advance arnis on the two in.agiictcf 
breaker boxes are interconnected bv a control shaft and levers furui.shed 
with the engine. an<l the hell crank provided on the left luind end of tliiN 
contTfd shaft should he c<mnected to the sjiark advance control in the pilot’s, 
cockpit. 

Double Magneto Ignition.—The magneto is monntc<l vertically in tlir 
Vee at the rear end of the engine and is driven at one and one-balf Iiiuvn 
engine .*‘|n*e<l fr<»m the extension of the lower cani.*ibrift drivesliaft. i be* 
two high tension distributors arc independent units driven by bevel gear** 
off llu* eainvhaft niqier driveshafls in the .same manner that the battet.'' 
generator distributors ,irc driven and mounted. A singde high tension w'no 
connects each distributor with the corrcsi>onding high tension terminal on 
top of the magneto. The magmeto is of llic iiuinctor type wllh a rcvolvine 
four-pole rott#r and two sets of statlon«ary windings. A fonr-lol«ed cam i- 
mounted on the iipjier cn<l of the rotor shaft. The driving member of t)ie 
coupling is in approximately correct timed relationshiji to the engine au l 
the exact setting of the sjmrk is secured by rotating the magneto bodily ni? 
its slotted flange, the two ^in-ineb hold-down nuts being tightened wh<*^« 
the desired setting is obtained. The following are the rreommended sc’ 
tings: 


Model 2A-1,500 engine 
Model 2A-2,5(X) engine 


High Compression Low Compression 
. 35 <kg. adv. 40(leg. adv. 
44 deg. adv. 50 deg. adv. 
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Note: The above settings are to be made with the spark advance lever 
in the full advance position. The ma^^icto contacts should be adjusted to 
show a gap of from .010 inch to .012 inch at the lime of maxinnim opening. 

The two low tension icrminal.s on the terminal block on top of the mag¬ 
neto arc to be connected to the corresponrlliig terminals on I lie special igni¬ 
tion switch furnished with this magneto and tt is very imporlaiit that these 
ronneefions maintain g<H>d electrical contact. The two high tetision ter¬ 
minals are corniectcd to the distrilnitors and care should be taken to prevent 
these wires from fouling the controls, gtin synchronisers, or any otHer 
moving parts. 

Scintilla Magnetos.—^Contacl breaker MtTh.anlsiu •—The life nf ibc ctm- 
lact points depends to a great extent on how clean they arc kept. Take 
l>arliciilar care thal no oil. gasoline, kerosene or h»reign inatlcr gels on 
I hem. 1'lic contact founts shoulrl uni be illeil unless absolutely necessary. 
The gnjj between the contact |H»iuts should be mainlalnrtl in nccorflaiicc 
with the gauge on ibe Scintilla wreueli. Tlie ihickuess of this gauge is 
012 inch, To reriune the contact breaker a^seniblv, ino>e the breaker to 
midway jir^sition belween full aclvaiice and riill relard jiositicms. Hring the 
bayonet lock baiul latch to the same verlicnl position and ]ui1l r»ut the 
breaker as.scinbly. Oiling the Magnet«>Place .Vl-dO drops of rdl in the 
front oil holes nr itnlil It aj^pears at the overflcov luile which is localerl about 
I wo inches bebnv the timing window. Thil about bee dro()s of oi) in the 
back oil hole. Use the best grade of mc<liuin-bo<lied iiiacliiiie oil. The 
magneto shoubi be oiled a)>out every 25 hours. Assembling tlie Magneto:— 
Thi.s should be d<mc wilh the utinosi care. Sec to ii that the Totaling 
magnet is absolutely free of filing.^, chips, elc. Match up parts marked “H’* 
when magiiclo is clock wLsc rota lion. Match up jnirts marked when 
magneto is anti-cbKkwisc rotation. If it is necessary to change the rotation 
<if the magneto, we advise that il be rcturne«l to the Scintilla factt»ry. 

Timing the Magneto to the Engine.—The numbers on the toji nf the 
main cover are for the purj>osc of b>cating ihc distributor blocks to their 
proper side.*'. The letter If marks the terminal Xo which the luK^ster wire 
is to be connected. The letter P marks iIjc tcrininal to which the ground 
or short circuiting wire is to be ccmnccled. The arrow in<hcates the direcl- 
(lon of rotati<‘n of the iiiagoicto viened from its drive end. Tlie numbers 
oil the distributor blocks shoiv the firing order oi the magneto. 

Nr», 1 (»ii the di>trilnit<»r gear can be seen ihnmgh the timing win¬ 
dow located under the fnmt <nl hole c<ivtT. When thi.s No. 1 corre- 
'imnds willi the while mark at the top of llic liming window, it indicate.s 
diat the contact points are just opening with the breaker fully advanced, 
•^ome installations do not ]>cnuit of this w'iiubov lietng seen, and in such 
cases the marks on the inside .surface of the distributor gear ccmve.s pun ding 
lo marks on the inside surface of the front end plate should bo used. 

Battery-Generator Ignition.—Tht.s form uf ignition is supplied by two 
“special Del CO distributors driven at one-half engine speed by bevel gears 
uieshing with integral pinions cut on the right and left hand camshaft upper 
Iriveshafts. Distributor Inslruclions: Syuchrouhte Contact Arms— 
Loosen contact plate hold-down screws. Turn adjusting eccentric until 
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both arms break contact at the same time. Tighten hold'Uown screws. 

Contact Separation.—.014 inch to .016 inch. 

Contact Spring Tension.—18 to 22 ounces. 

Manual Advance.—60 degrees. 

Bearings and Lubrication.—One annular hall lieiiringand one roller U^ai 
ing. Place eight to ten drops of medium engine oil in the oil hole in the ti>]» 
of fhc cam every sixteen to isvcnly flying hmir.s. 

Each distributor contains two Uiw tension intcrru])tcrs connected in 
parallel ami operated in synchronism by a iwelve-lohcd cam. A sleeve ex¬ 
tension of this cum is slotted ufT center at id drives a monk led ri»t<»r arm wlueli 
distributes the high len.sion current received through the center brush, A 
condenser is mounted iiisiile the distrilntlor casings and is rca<lily detachable. 
An eccentric acljuslmcnt is jirovided on the breaker arm supporting plate 
to permit of synclironiv'ing the Uvo breakers and it is important that both 
sets of interrupter contacts arc scparalerl at substantially the same tune. 
An ignition coil which is not numnted on the engine is furnished with each 
distributor, and the two coils should preferably be located as close as pos¬ 
sible t<i the distributors but in a relatively dry ami omiI loeaiiou well 
protected from excc:»sivc vibration. In im>st installations the Are wall immerll- 
ately back of the engine is suitable for the purpose, and the coils should he 
securely mounted by means of four bolts passing through the bosses pro- 
vide<l on the coil. Nine milbmeter high tension cable is to be used 
connect the high tension terminal on the coil to the a*ntcr terminal tm the di*'- 
tributor and this wire should be as short and direct as i>ossiblc with suf- 
fleient allowance to take care of the weaving of the engine in the mounting. 
It is advisable to "safety” the high tension connection on the coil by means 
of a piece of safety wire ]»as.sed ibrongh a hole drilled through the high 
tension terminal, It is advisable to cover this terminal with rubber tai*e 
protected by a final layer of friction tape to minimite the danger of water 
reaching the high tension terminal. 

One primary connection on the coil should be connected to the primary 
terminal on the distributor with extra flexilile jiriniary wire of Nu. 12 or 
No. 14 size. Terminals of approved design arc to be sccurtdy soldered to 
each end of this w ire and .sufficient length should be provi<led to insure free 
operation of the distributors throughout the entire range from full-retard 
to fulbadvance. Two types of ignition coils arc furnishe<l; one in which the 
resistance unit is niounlc<l on the ignition switch, as in the Liberty ignition 
system; and the other in which the resistance unit is mounted on the igni¬ 
tion coil. It is very important that only one resistance unit should be in 
the circuit, as if there shouhl be a resistance unit on the awdtch as well a> 
on the coil the current will be greatly weakened and it will be impossible 
to operate the engine at anything approaching full throttle. If, on the other 
hand, no resistance should be employed either on the switch or on the coil, 
excessive current will be usc<l and the coil will be seriously damaged or 
completely burned out in a very short time and the ignition 5nterruptv> 
contacts w ill also suffer serious <lamage. 

The two distributors arc ativanced and retarded together by means of - 
connecting rod fitted with ball and socket joints at each end. It is impor¬ 
tant that both distributors be synchronize<l especially in the full advanc< 
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position and the length of this connecting uh] can he changes! to effect this 
adjustment hy moans of the screw threads provided nl either cnd. 

Generator Test—Hot.—Start 1.400 r.p.m. Nine amiicrcs at i.500 and 
3,500 r.p.m. Maxinuiui twelve aiiijHTcs. 

Note: Above readings taken at generator. If generator is tested Cold 
add three amperes to above readings. ^ 

To Adjust Charging Rate.—I'uni adjusting nut on end of generator 
counter-clockwise to increase anil chnrkwise to ilecrcasc ch.irging rate. 

Brush Spring Tension.^ jKiuiids on each. 

Cut-Out Relay.—Ccnitacts close 12j^-14 volts. Separate with 0-3 am¬ 
peres discharge. Gaj) between core and annalurc with contacts closed .040- 
.047 inch. Gap may he adjusted by slightly bending the armature stop. 
To raise cut-in voltage, increase spring tension or increase gap. To lower 
cut-in voltage, decrease gap a«<l if necessary slightly decrease sjjring ten¬ 
sion. To decrease di.scharge current, increase spring tension and decrease 

Bearings and Lubrication.—'Annular ball bearings. Place eight to ten 
drops of light engine oil in each inler every six to eight flying hours. 

Rotation.—engine sjiccd, clockwise facing coniinutator end. 

Ignition Wire Identification.—Each ignition wire has alTiscd to it a small 
Miclal tag at the distributor end with the niiinber of the cylinder ranging 
from otic to six, the |K*sition right or left shown by or and inlet 
or exhaust siile of the cylintlcr k1u»wii by **r* or Fnrihcrnn»re, on Scin¬ 

tilla nn»dcl A(j-lJI> inagurio inslallalion the order of firing of each in¬ 
dividual sparkiiing, ranging from one to tw'clve, is .shown hy an additional 
iiuiuIkt on the tag Ci>rrcsponding li> the markers cinpUwed on the Scintilla 
distributors. 

Carburetion.—Both the model 2A-1.S00 and 2A-2.500 engines are pro¬ 
vided with twi> Stromherg^ carburetors and the carburetors arc bolted to an 
air intake and U\ their respective cross intake manlfolils so a.s to ffjrin a 
complete unit which can be detached from the engine hy removing the nuts 
bolting tbc matiift»l(].s to the valve housings, disc<»nnecting the throttle and 
mixture control rods and hrenkirig the gasoline line at the rear h(»se con¬ 
ned ion provideil at the rear end. The carburetor, manifolds and air intake 
assembled for each engine are shown in the t‘hotograph at Fig. 703 B. The 
intake manifolds are heated by means of exhaust gases circulated through a 
jacket surrounding each manifold. The exhaust gas is drawn from Nos. 1 
and 2 and 5 and 6 exUanst jH»rts by means <»f drilled passagc.s provided 
fnr that use and these gases are finally drawn into the intake manifold 
to mix with the fresh mixture going into the cylinders through the two 
J/6-inch orifices provided on each manifold. With this arrangement the 
volume of exhaust gas drawn through each manifold varies in proportion 
lo the vacuum existing in the intake manifold. That is to say. when the 
engine is idling or turning over at moderate speeds the vacuum is quite 
Itigh, resulting in a comparatively large volume of exhaust gas passing 
dirough the jacket am! thcreliy helping to warm the engine up quickly when 
starting up preparatory to a flight or on a glide. On the other hand, when 
the throttle is wide-open the vacuum is low and very little exhaust gas is 
drawn through the manifold and con.sequently the mixture is not overheated 
to the detriment of full power operation. 
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Model 2A«1«500 Engine.—The model 2A-1,500 engine is e<]uii)ped will, 
two duplex Stromlicrg carl»ureU>rs of the NA-V61* tyjfC. The standard .set 
tings for these carburetors on this engine arc as follows: 

Choke.nr 

Main jfi .Nn, 40 drill 

l(|lc iiKipnnK ^ct .No. (i1 tlrill 

* idle uir biccil. Ka. so drill 

Knr tlclailed inslrwctions regarding this carburetor refer to s|>ecial chapun 
(m Stroinlwrg carljureturs. It will he noted thnl the cross header crnniecl* 
ing tlic hvcj cylinder hlc»cks with each carbnrclor is not provided with an\ 
partition so that hath halves of the duplex carhurcior feed any of ihe ^i\ 



Pig. 703.—View at A Showa Packard Valve Gear with Overhead Camshaft and 
Multiple Cluster Springs. B Showa Carburetor Joined to Common Air Intake Cast* 
ings with Vertical Intake Stack. Each Carburetor Carries an Induction Pipe 

Which it is Coupled to Valve Housings. 

cylifi<Icrs stipi»fic<( hy each cross header. This fnciliCate.s adjusting the car¬ 
buretors for ulling since il is no longer necessary to give the idling adjust 
meni a sej^aralo setting fc»r three cylinders at a lime since six cylinders are 

controlled hy Ihc same adjustment. 

Synchronizing screws are pnividerl in the connecting shaft between tin 
two carburetor throttle shafts and these should he so >i<ljiisfe<l that the fron< 
carburetor throttle closes slightly in advance Ihe rear carburetor so th&i 
when the pilot puls a very .slight strain on the throttle control both car 
buretor throttle sectors will come smartly against their respective idbnf. 
stops. 
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Model 2A*2,500 Engine.—The model 2A-2.500 engine is equipped with 
two special single Stromberg carburetors of the NA-S12 Ivjic. The stand¬ 
ard settings for these carburetors on this engine arc as folhivvs: 

Choke . 

}i\nm jci. Nm. .V> drill 

Mlc MrtcriMK .ft< ilrlll • 

Idle lair Idi'cd.No. drill 

For detailed inslrucliniis regarding this carburetor refer to instruction 
)»ook issued by the niaiiufactiirer and :icconi]*an\ing each engine iiiul also 
the chajiler on carburetors. The idling adjustment on ibc inrulcl 2A-2*500 
)S even simjiler than ini the 2A-1.51^1 engine as each carbnrelor has only one 
arljustinent The ihroiilc connecting rod between tlu* two carburetors 
'.liould be adjustetl so that the forward carburetor closes slightly iii advance 
of the rear carbnrclor but so that a ftirllier slight jiressurc will bring the 
rear ihroMle against its stop also. 

both the nwHlcl 2A*!,500 an<l 2A-2.5tXI engines are ecpiiiqHnl w ith pistons 
giving different cotni»res''iort ratios acc<»r<biig to the service re<|nire<l. 1'hc 
compression ratio b>r any particular engine is stamped on the name jdatc, 
and in case of doubt reference should be made to Ibis irlcntification. In 
general, eugine.s with five to one Cinupressioii ratio cun be ojierated qatle 
satisfactorily on tlotneslic aviation g^asofinc. The iimdel 2A-1.5(K) engines 
ei|ui|>|)ed tvilh the 5 5 to 1 compression ratio can be njierateil on domestic 
aviation gasoline under conditions not requiring sustained full throttle 
operation near sea level. If continuous full throttle ojicration under these 
last conditions is rcqutrcil it is advisable to Mend the <loinestic aviation 
gasoline M'lth about twenty per cent ben/.ol, which must he of suitable 
purity and free from sulpbtir. An c<ptivalenl anti-knock can be obtained 
using five c.c. of ethyl fluid to each gnihm of dinnestic aviation gasoline. 
With the model 2A-2.500 engines cm|>U»ynig 5.5 to 1 conqwesHion ratio or 
higher, and tvith the model 2A-1..50() engines einjdoynig ci>inj>resMc>n ratios 
of 5.7 to 1 or higher, H is advisable to use a blend of 40 per cent benzol and 
'•0 per cent domestic aviation gasoline, or ten c.c. of ethyl fluid per gallon 
of dome.stic aviation gasoline. 

The Oil and Water Pump Unit.—The pnmj» unit is shown in section at 
h"tg. 700. I'his unit is used interchangeably on both the models 2A-1,500 
and 2A-2.5O0 engines and consists of: A single casting which comprises the 
'vater pump body, oil pressure pump bo<ly, strainer compartment, and 
’uomiiing for the relief valve and fuel pump. A gear cover which encloses 
Jhree spur gears which drive the various units. This gear cover acts as 
'i scavenging pump body for the two scavenging pumps for the front and 
rear crankcase drainage systems. The pumji unit is attached to a flange 

the crankcase lower half or oil pan by means of ten ^yift-inch studs and 
:s driven from a short shaft j'ournalcd in the rear main hearing cap and pro- 
' nled with an integr*^! hcvel gear, meshings with the crankshaft gear, 
'hrough a fidl-floating Oldham C4>Mpliiig. The pump is driven at times 
'ngine speecl in a counter-clockwise direction. The coupling drives the 
water pump shaft directly and on the up]>er end of this shaft a steel spur 
iiw is fitted for driving the other units. 
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The water pump shaft is provided with two stuffing boxes, the uppct 
one to prevent oil in the crankcase from leaking out along the shaft anc' 
the lower one to prevent water from leaking upwards around the pump 
shaft. A locking strip engages milled slots in the stuffing box adjusting 
nuts and .scrve.s to lock the nuts when the desired adjustments have been 
made. These nuts can be tightened by being pried around by a blunUended 
screwdriver and when being adjusted should l>e tightened as far as possible 
and then backed off to the nearest locking slot. Both packing glands arc 
automatically lubricated from oil in the crankcase which flows down the 
hollow pump shaft and out through the small hole provided opposite each 
gland. The water pump impeller is keyed to the tapered end of the water 
pump shaft and is provided with a threaded hub to Tit a special puller prrv 
vided in the tool kit for the purpose of removing the impeller when neces¬ 
sary. In assembling the impeller <m the shaft, care should be used to see 
that the impeller does not rub against the w'alls of the body or cover, but is 
located with approximately the same clearance on cither side. The steel 
gear on the water pump shaft ntoshes with a steel gear which carries ov 
the extension of its integral shaft a bevel pinion nicsliing w'ith a sinular 
bevel pinion driving the fuel pump. 

The oil pressure pump consists of a pair of duralumin gears, the driving 
mcml)cr of which is fitted with an integral splined shaft exteusinn on which 
is pressed a duralumin spur gear meshing with the intermediate sled gear 
driving the fuel pump. The oil pressure ])Uinp coiutntiiiicalcs w’iih the 
strainer compartment by means of a lK»rcd passage an<l a screen is arranged 
between the "oil in*‘ connection and the pressure pump inlet. The screen 
is made in box form fitted with a cover and can lie readily withdrawn by 
loosening the screw mounted on the center of the cover plate. This plate 
ia located on the pump unit by means of a dow'cl on the right hand side 
and care should l>c used in replacing the cover to line up correctly with 
the dowel. A vcllumotd gasket is placed under the cover and should l>c 
examined before replacing the cover plate. 

The model 2A-J.500 engine is provklcd with a fine mesh (No. 30) screen 
on the suction side of the pressure pump as descril>e<l above and the m<Mlel 
2A-2.500 engine is equipped with a coarse mesh (No. 12) screen in the same 
location. The model 2A-2,500 engine, however, carries in addition a fine 
mesh screen (No. SO) provided with an automatic bypass valve mounted 
integrally on the screen and this unit is built into the crankcase lower half 
on the larger engine, the oil first passing through the coarse mesh screen, 
then through the pressure oil pump and then through the fine mesh screen 
before passing on to the l)earings. It is, of course, very important that the 
fine mesh screen (No. 3(1) should alwa^'s be employed on the suction side 
of the model 2A-1.500 engine pressure pump as the use of a coarse screed 
on this engine would permit dangerously large particles of dirt to pass 
through the lubricating system. The oil pressure relief valve is located in 
a horizontal position extending forward on the right hand side of the piim|* 
unit. To raise the oil pressure the adjusting screw shntibl be lurnc<l to \U< 
right and to lower the oil pressure it should l>e turned to the left. Aftt: 
any change in adjustment the jam nut .should be securely tiglUeited. Ai 
oil pressure of about 75 pounds is desired with the oil hot ai an engine spoet 
of about I,5(X) r.p.m. 
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Improvementa in the Model 2A-1,500 Engines Over the Model 

1A«1,500 Engines 

Crankcase and Main Bearings.—In order to meet the requirements of 
extreme high-speed running a radically new form of crankcase construction 
iind main l)€aring supjHjrt has hoeii worked out in the nuKlel 2A-1.SOO 
engine. The long thmugh main hearing hohs lr>catrd parallel to the two 
hanks of cylinders replace the conventional arrangcinetU of two vertical 
studs supporting the main bearing caps in the model lA-1.500 engines, 
rhesc long bolts assist in holding tlte cylinders to the crankcase by means 
of crabs engaging the cylinder hold-down flanges. 

Cylinders.—In the 2A-1,500 engines the cylinder head has been in¬ 
creased in overall depth by }4t im-h. this representing additional water space 
between the coml>uslion*chamber and top plate, the extra depth yielding 
alnntl a 35 jier cent iniprovcineni in rigidity. 

Timing Gears.—Changes have been made improving the accessibility 
ni the driving gear train. The cnin.shaft center driveshaft can now be 
removed through the top of the crankcase, whereas previously it was 
necessary In dismantle the engine to remove this .shaft. The camshaft 
ilrive skIc gear upper hoti.sings can now be removed from the valve hous¬ 
ings without removing the cylinder block, thus permitting the removal of 
the entire gear train without <1istnrbing the cylinder blocks <ir taking an 
engine out of a plane in the ordinary installatum. 

Gasoline and Oil Connections.—The oil “in’* and connections on 
the model 2A-1.500 engines are made to receive l}4 I ^<‘se connec¬ 
tions instead of the one inch conneciion.s used on tlie in<Hlcl lA-1,500 
engines. The oil “in” connection has been chaiigetl from the front of the 
strainer compartment to the underside to simplify the piping on the 
average plane installation. The oil gauge connection is formed by a 
inch hose nipple integral with a two-in»lt flange fitting provided on the 
left rear motor su)i|H»ri arm. The gasoline connection (except when the 
Wright Viking pump is u.sed) is formed by a J4*inr1i hose nijiplc integral 
with the iwo-lMilt flange fitting provided on the rear crankcase wall on the 
right hand side. 

The object in enlarging the oil “in” and oil “out** connections is to 
Mbtain freer flow of oil in cold weather. The pinqmsc in providing the hose 
conneclltuis fdr the oil pressure lines and the gasoline lines is to avoid 
failures of these im]K)rtant lines in .service. It is felt that the ideal piping 
layout con.sists in having these lines terminate at .suitable hose connections 
on the fire wall or some fixed part of the structure a<ljacent to the rear 
'd the engine and have short direct copper lines with the hose connections 
at each end to connect up with the corresponding engine lines. 

IgnitiQn Distribute Drives.—The ignition distributor drives have 
l>een removed from the center of the camshaft and are now driven off the 
camshaft drive side gear upper. This change was made in order to remove 
the influence of the torsional oscillations of the camshaft from the distribu¬ 
tor shaft, a much smoother drive being obtainable tn the new position. 
The new location is also preferable from the standpoint of avoiding oil 
leaks around the distributor mounting. 
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Carburetor Air Intake.—The remf^val ol the distributors from the centr* 
of the entitle hn.s permitted the instaDntioii of a centrally located air intak. 
t'tack. Id this ct)nni*ctinu tlic two carluiretor^t and manifolds and the cai 
btiretor air intake with (hroUte and altitmlc controls and connecting gas<» 
line lines can Ik.* withdrawn fnmi the Vec as a unit, this greatly simplifying* 
the assenildy atul disassembly of the engine. 

on Pump Screen.—A screen e.vtcnding the full length of the oil pan 
is nt>w pr«ivided. effectively preveiiliiig any fi>rcign j>articlc5 from reaching 
the two oil scuverigMig ptiiiipK and at the same time presenting .suflicicm 
surface to avoul the nccesMly for cleaning except nl long intervals. 

Connecting Rods.—The mo<lel ^A-KSU*) engines are cf|uippetl with 
arlicnlatetl ctfimecting nxls of similar design to that u.schI on the model 
lA and 2A*2<.S(X) engines in place of the straddle rod construction nscil on 
the model IA-].50() engines. U has been found that the arlicnlated rod 
c<m.stnictit»n <iffers a nu»rc rigid Kncking h»r the Iwaring fwhich is now of 
Imbhitl directly applied ti» the cmtnecting rod) essential for cotilintted high- 
.speed i ►pernt ion. 

Carburetion.—The model 2.\-1.5(10 citginc is c<juippcd with two Str<im- 
l>erg NA-^’6I* carhnrcti»rs with a throttle lK*re tjf 2"in inches, as com* 
pared with the NA-V5 rarlniretors having a ihriittic bore <»f 2^\t\ inches 
nserl on the model 1 A-1.5(10 engine. In additliMi to the increased cat»acil> 
obtained with the larger carburetor nuHlifications in the Hoat cbaiiiher 
construction am! location of (he gasoline passages iKTniit the new carhn 
relors (o continue to function in the violent maneuvers required in pursuit 
work. 

Exhaust-Heated Intake Manifolds.—A very imi>ortant improvement 
in the model 2A'1.500 engine consi.sis in the application <d exhaust heat to 
the intake tuanifolds, thus greatly im|»roving acceleration tviih u cold 
engine, economy at cruising s|iee<l.s, and eliminatiim of snow fi^nnatinn on llu* 
throttle. This exhaust hcjU is at>|>lied in a somewhat similar fashion to the 
fticlir.er on Packard cars. 1‘hal is to say, the ‘^iqiidy of heal varies inversely 
as the thr<Jtlle i»pemng as the flow of exhaust g;ises through the jacket is 
determined hy (he vacuum existing iu the intake manifold, the exhaust 
gases lu’liig used <li1nte the charge at i<llifig and cruising .speeds. At 
full throttle, owing (o the low vacuum prevailing in the intake manifold, 
praclieally no exhaust gases are drawn through the jacket .so as to avoid 
detrimental overheating with loss of power ami possible dcKmalion. 

Improvements in the Model 2A-2,500 Engines over the Model 

1A*2.500 Engines 

Cylinders.—In the 2A*2,500 engines the cylinder head has l»een increased 
in overall depth by inch, which yielded about a ,50 ]ier cent impruveinent 
in rigidity. 

Timing Gears.—As in the model 2A*1,500 engines, changes have been 
incorporatetl which permit the entire timing gear train to be removed 
without removing the cylinder bh»cks or taking the engine out of a plane 
in the ordinary installatiim. 

Gasoline and Oil Connections.—The oil and “out” connections on 

the mixlcl 2A-2,500 engine arc made to receive inch 1. D. hose instead 
of the <me inch 1. 1). hose connections employed on the mo<lel IA-2|50( 
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engines. The oil “in'* connection has been changed from the front of the 
strainer compartment to the underside to simplify piping on the average 
])lanc installation. The oil gauge connccticm is formed by a hose 

nipple integral with a two-bolt flange fitting provided on the left rear 
motor support arm as In the 2A-1.S00 engines. The gasoline connection 
{except when the Wright Viking pump is usecl) is formed by a f<-inch 
liose nipple integral with the twodxdt flange fitting provided on the rear 
rrankcase wall on the right hand side. 

Ignition Distributor Drives.—As in the 2A-1.500 engines, the model 
JA“2,5CX) engine ignition distributor drives have been rem<»vc<l from the 
I enter of the camshaft and are now driven ofT the camshaft drive side gear 
up[)cr. 

Oil Pump Screen.—The 2A-2..S00 engines arc provide<l with a screen 
vxiemling the full length of the oil pan which prevents b»rcign particles 
I'mni reaching the tw<» oil scavenging piimiis. In addition to the screen 
extending over the oil pan an a<iditKmal pressure screen with a self- 
umtained bypass valve is nniiinied in a coinpartment formed in the oil pan 
or crankcase lower half, this screen lieing Iterated belween the tnl pressure 
pnmp and the oil pressure manifold feeding the hc.arings 

Carburetion.—'I’hc im»del 2A-2,500 carburetors arc jiractically identical 
with the model lA-i.5fX) carburetors cxcejil for .slight changes in settings. 

Exhaust'Heated Intake Manifolds.—'The intake manifolds are provided 
with cxhaust-hcatcil jackets similar to the model iA-lM^OO engines as de* 
.scribed above. The provision fc»r a passage for this exhaust gas to the 
manifolds necessitated revised valve housings incorporating four-bolt 
flanges for attachment to the manifolds instead uf twod^olt flanges used 
• •n the lA-2.500 engines. 

Crankcase Upper to Lower Half Studs.—The studs unitiug the upper 
and lower half of the ^^allk^a^e were increased to yi inch to provide a 
nu»rc rigid attachment replacing the 'Jk. inch studs employed on the 
1A-2,5CX) engine.s. 

Jn order to jirovide a passage for the exhaust gas to the intake manifold 
jacket it has l)ecn necessary to revise the valve housings on the model 
2A-1,500 engine, a four-lwdl flange being useil for the attachment of the 
Intake manifold as comjiared with the two-lxdt flange used on the model 
I A-1,500 engine. 

Rating.—The model 2A-1.500 engine, having successfully completed 
a 50-hour Navy endurance test with wide-<ipen throttle at 25 r.p.m., is 
rated at 600 horsepower at 2.500 r.p.m. or 525 h<»rsc(Hiwer at 2,100 r.p.m. 
The model lA-1,500 engines should not he run at su.stalned speeds in excess 
of 2,100 r.p.m.; and the m<idcl 2A-I.500 engines should not he run at sus¬ 
tained speeds in excess of 2,500 r.p.m. 

Improvements in the Model 3A-2.500 Engines over the Model 

2A-2^CKI 

Crankcase and Main Bearings.—Model .^A^.500 crankcase and main 
hearing cap construction is similar to the mixicl 2A-1,500 engine- The 
main bearing caps are attached to the crankcase by means of long through 
holts, the upper ends of which pass through crabs which engage the 
cylinder hold-down flanges. Each pair of main bearing bolts is arranged 
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with an incliuled angle of 60 degrees, the bolts being parallel to the cylindci 
axis and the bolting surfaces hetweeft the l>earing caps and iho crankca^‘ 
upper half arc square with the axis of the bolts, thus giving a wedge-likv 
appearance tt» the l>canng caps and contrihming greatly to the stifFnes* 
and rigidity of the structure. With this arrangement the explosion l(»ad- 
arc carried from the cylinder to the main l>caring caps practically cnlircl\ 
through sled bolts, the crankcase walls serving as compression meml>tT> 

Cylinders.—In the model .‘^A«2.500 engines, the exhaust valve scau 
are of Delhi Hard steel, and are pressed into the cylimltT head ami rctaincl 
by having their ii|)|Krr cmls expanded in boiler-tube fashion. 

Magneto Mounting and Drive.—^In model 3A-2,500 engines using tWH 
Scintilla magnetos fur ignition, ihc ni,agiictos arc nmunted on brackci'< 
formed integral with the crankcase, anti the magnetos arc driven through 
/Icxddc adjustable cniiplings by short shafts carrying bevel pinions, tnesh 
ing directly with the driving gear ft>rmed integrally rm the camshaft center 
driveshaft. The slv^rt dnveshafts arc each niounicd on iwti ball bearings 
This ctmslruction dispenses with the scj)arate mag)ict<» bracket b>rnicrl\ 
used, and results in a saving of weight and space as well as the elinunalion 
of the SjMud gear needed with the fi»rmcr construction. 

Oil Pump Suction Strainer.—The oil .suction strainer ha.s been changc*rl 
frort) the square*shaped screen used in funner engines to a inncli larger 
cylindrical screen. Incor)H»rate<] in the strainer housing is a sjiritig* 
operated piston valve which automatically closes the jiassagc Icatling from 
the "oil in" connection to the strainer comimrtment when the cover is 
removed for the purpose td cleaning or examining the strainer. When the 
cover is replaced, this valve is jiositively <»pcned so as to restore the flow 
of oil. This permits the examination of the screen without draining the 
oil tank. 

Oil Out Thermometer Connection.—1'he "oil out" cIIkiw is fnrui.sherl 
with a tap]>cd Uiss lu receive a .slantlard theremometer connection, eliminat¬ 
ing the necessity for providing a Ihermoinctcr well in the "oil init" line 

Two-Way Oil Pressure Relief Valve.—The oil pressure relief valve ha^ 
been luodihed by the addition of a .small valve set in the head of the main 
valve and opening in the op|K»sitc direction, 'riiis auxiliary valve is mum- 
taine<l <m its scat by a light spring and its jnirpose is to permit the flow nf 
oil through the scavenging pump diwliarge line, hack into the nil prcssvirc 
manifold, whenever the pressure in the scavenging discharge line exceeds 
the jiressurc in the main pressure pump discharge line. This condilion 
arises in very cold weather, when the scavenging ])unip builds up consider¬ 
able pressure in attempting to ftircc the oil remaining in the crankcase from 
previtius running hack thnnigh the oil cooler and into the oil tank. At the 
same time, the pressure oil pump suction line is usually filled with congealcl 
oil when first starting up the engine, preventing the pressure oil puni)' 
from functioning during the first few minutes of cold weather running* 
Under these conditions, the auxiliary oil relief valve permits the scaveng 
ing pumps to serve as pressure pumps, so long as oil remains in the crank* 
ease, anti thus protects the engine during the warming-up period. Ii* 
extremely cold weather it will l>e quite feasible to add oil to the crankcasi 
through the breather to permit the scavenging pumps feeding oil to the 
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hearings fur a longer ])crind than woiiUl he pcrnhtteU hy the ni»rtnal siij^ply 
of oil At the conclusion of a run. C*aro .slicnild he taken, however, that the 
amount of oil introtliiced into the crankcase through the i)rcnthcr does not 
exceed the aniount necessary to bring the oil tank supply up to its maximum 
cajmeity. 

Carburetor Settings.—The Stnmilxrg NAS-12 carhnretors on the model 
.^A*2,.^C)0 engines are supplied with slightly diiTeroiit settings than used 
Mil firnner engines. 

These settings arc as follows: 

Chr.kt-ft—l«.rr 
Mam jrt she No. 36 
I^UK'liurgr ik>?7le 

IWrc-U' 

Mt»>t t>iH* bc:iil dia.—1 ik* 

Air himl lioK'—Nn. 47 

Mnin dUchurKC ihi7/lc Mud 
Main dia. 

I'lMir u|)])rr Nit. A!^ drill 

Six lower ludfH—No. 42 drill 

Valve Housing Covers —The nicMicI 2.A-3.500 valve housing covers have 
heen tin»(lilied at the rear end to provide a wider flange and better gasket 
comlltion than tdnaiiUMl on the former engines. 'Phis chatige neces.sitates 
;i siniibr change on the Hangc of the camshaft .sitlc drive gear housing. 

Screw Tappet Adjustment.—Tappet clcnrnnccs on the nnwlel 2A-2,500 
engine are adjusted \>y thrcade<l ta|>pets instead of the shim adjustment 
|ireviotisly used. 'Phe arrangement is similar to that de.vribcd on page 36 
as n.scd cm the rno<ie] 2A-1.500 engine. In order to decrease (he clearance, 
hoth the n])pcr and lower nuts are turned to the right. To increase the 
clearance, the nnts arc Ixith turned to the left. It is of extreme importance 
that the lower nut l>c securely tightened after making an adjustment, and 
ii is .advisable \it make a double check on this ]Hiint. Standard lat>pet 
• Icaraiicc on tlie .TA-ioStK) engine i.s the .same as in former engines, namely : 

Inlet valve laptwt clearance.02S tn .02S 

Kxlkiiist vulvc ia|>pel clearance.O.tS |ti .U4I 

Crankcase Breathers.—One large breather is fitted to cither side of the 
crankcase at the center crankca.se supiK>rl in place <d the two breathers at 
< ithcr end of the crankcase formerly used. The new' breathers are consid- 
‘•rably higher, and this change was ma<le to eliminate loss of oil through 
the breathers at high speeds and also to prevent interference with plane 
-irnclure. 

Oil Gauge Connections.—The connection for the oil pressure gauge on 
die 3A-2.500 engines consists of a two-bolt steel forging f<»rming a hose 
<‘onnection and mounted on the rear wall of the crankcase. This connection 
•egisters with a passage communicating with the center camshaft drive- 
'^haft tipper bearing. In previous engine.s the oil gauge ccmuection was 
Uken off the front end of the main longitudinal pressure manifold and it 
was necessary to run a gauge line the entire length of the engine in order to 
secure a suitable connection at the rear einl of the engine. 


Accekraiina kvll screw 
No. lU drill—lurKC hole 
No 52 drill—Mnall h<ilc 

hlHiig tiil*e a»st*inl»ly 
Jcl xize—Nn. 38 drill 
lilhne air htced 
Drill M 2 C—No. 56 
TdUne divlkir^ ict 
On II vi/c—No. 32 
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Crankshaft Oil Thrower.—A Urpc iliameter centrifufi:al type oil thr<nv< 
has l>con siilistitutcci for the felt washer formerly used on the mfMlel 2' 
2..S00 dircctMlrivc engines. This nmslniclion insures freedom from oil IcaV 
age nt the front end of the crankcase and eliminates maintenance work i: 
replacing worn felt washers. 

Starting Jaw.—The crankshaft gear support has been changed to reccivr 
a slightly ilifferent form of starting jaw so as to permit installation t>f h;mi. 
or electric starters of any of the well-known types with nr> change otliei 
than the starting jaw designc«l for that jiartirular <*<(uif>ineiit. I•^cvi^^tld^ 
an adapter casting had to be furnished on certain installations to nuiunt 
certain types of starters. 

Cooling Fins on Crankcase Lower Half.—On the model .‘^A-2,500 engine, 
cooling fins have been added t<» the umlcr surface of the crankcase lower 
half or oil pan in f»rder to assist in cooling the nil. It is considered ad\is* 
able in air)danc insMllntrons to insure a certain amount i>f air cimtlatinn 
over these surfaces. About ten s<|uare feet cooling surface have liren 
added in this fashion, and. assuming that the rccjuisitc air cirrnlatioii is per* 
milted over this cooling surface, it Is permis.sible to reduce the external oil 
cooler from about 40 square feel to alamt .V) s<|uare feet (»f capacity tm 
this account. 

Camshaft Drive Center Gear Shims.—On previous engines shims have 
been used u* obtain Ibc correct l>ackla.*<h between the camshaft drive cm let 
gear and rrauksliafi gear. 'I hese shims have been placed between the cam¬ 
shaft drive center gear upper bearing and crankcaso. 

On the 3A-2..'>00 engine these shims have been renun-ed and the correct 
backlash of the above men tinned gears is obtained by means of a correct 
thickness thrust washer which replaces Ibe washer used on previ(«us cn- 
gine.s between (be camshaft drive ceiilor gear and upper bearing. 

On account of the limit.s tn inuunfacturc of the varion.s jarls, the thick¬ 
ness of this washer varies with dilTcreut engines, and provision has been 
made for this by specifying several w'ashers of varying thicknesses fn*m 
vvhich one can be selected for the correct backlash. After the correct washer 
has been selected the thickness of same is etched on the face of the washer, 
so thal ill rare cases of replacement the correct tlilckiiess washer can W 
drawn from stock. 

Water Pump Shaft.—On some of the previous engines water found it'* 
way into the engine through the lower hole drilled in this shaft to provitic 
lubrication nt the bearing adjacent tt> the impeller, the oil for this luhrica 
tion coming from the upper bearing. Kx|)encnce to date has proven tli:i« 
it is not essential thal Ihi.s bearing be lubricated in this inanucr and for lhl^ 
reason the lower hole has been removcfl w hich will prevent any jH)SsihiIit> 
of water getting into the engine through this hole. The water pump sluU' 
is provided with two hearings, both above the one rcferreil to, which gn' 
it proper alignment, ami the hjwer bearing being very close to the watc 
pump packing, which has lubricating qualities, will receive lubrication frou 
this source. 
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Moilel an4 Rating of Engine 

Model. 

RaliitK at 20(10 rpm . 

Rating at 2100 r.ptn . 

Rating at 2500 r.pm. 

General Form 

Stroke . 

Nuniher of ('ylimlcrs . 

Total f>ist<iii <l(st>laci*mcnl. . 

RiitH f p in. 

Cylimler arr.iiicciMciit. 

Cnohoft . 

Compression vohimr ratio. 

Crankshaft 

Firing order. . 

Overall length (dirett .iml iiuvrird) .. 
Overall Inigtli (g(Mrrd> . . . 

Journal diunu'ivr . 

Crank]iiu diaineKT. 

NmiiiIht of iKuniiffs . 

Number of crank tliirms . 


Propeller Hub 

Type. 

Oimenvion?* t 

(bitsMle duinricr of llanuc,. 
Width Ixtwcvii flan pcs. . .. 
ThaindiT liolc In projudlcr. . 

HoH circle. 

NuniUT 4if bolts. 

Si/r of iKilts. 

Connecting Rods 

lA'Mgtli center In center ... 

Type .. 

Material . 


2A.1500 

2A-250n 
KOO RHp. 

S2S HHp. 
fiOU n-Hji 


srr 

Mr 

syT 

6/,- 

12 

12 

l.S.kN lu in. 

25.P>55 i. 11 . in. 

21«K> 

2IXKI 

Ml *lrg Vcc 

Ml 4 leg. Vcc 

Water 

Water 

51 1 or 55 1 

51 1 or 5 7:1 

or t* 1 



51.Jk-.Il.-4|{.(a..lk-21.•SK¬ 



lYl IS ** 1 4 ^ 

41.-.Ik 



.lo;.* 

Ai.KV 

.1 Mf 

3.5(1' 

25tr 

3 25- 

7 

7 

(I 

(j 

n 8* V 7.V.- M»s. J> A V tdS lb 

G 4i4 ll>^. 

G. Ill IlKt. 

SpbiH'd til on 

irankslujfl with split 

ernu nng cones 

10- 

12' 

5^" to 7- 

7*T to 9' 


4ir 

K" 

9’ 

K 

K 

' iha. 

H" dia. 


IT ir 

A rt iciil aicd A r t icnl a i cd 

Cliroinc \ .mad I inn Steel 


Gun Control Drive 


Type . Twu Ncl>on l>iic dri\c> arc provided 

Camshaft 

Length. 384 k' 46' 

Number. 2 2 

Diameter . 1* 

V'alvc acliim . <*am followers arranged with vertical 

stem guide 


Pistons 

Material . .. Alimnmim alloy Abimmnm alloy 

TyiK* . Sbp|H*r Slipper 

Wriatpini 

Retaming dcvkc. Snat* nogs Snap riiig< 
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Cylinders 

Material . 

Cylinder barret, head and jacket 


Valve Seats 

Material . 

1‘orm . 

Valves 

Number per cylinder. 

Fnrm . 

Material . 

Scat ancle. 

I.ifl of inlet valve. 

l.iff of exhaust valve. 

niumetrr of inlet valve iH>n. 

Dianwter of cxiiaust valve jiorl. 

Valve Sprinfs 

TyiK* . 

Number per valve. 


Valve Timing 

Inlet Opens. 

Inlet Cloac!^. 

RxhauM Opens.. 
EsIiauHi Closes... 

Camshaft Gear Train 

Type . 

Ignition 

Tyjie . 


Alternatives 


Carburetor 

Vendor . 

Type . 

Number. 

Choke . 

Mam Jets. 

Alt Unde enntml meaiib 

Intake Manifolds 

Type . 


040 caiixm steel 

Steel indivirlual assemblies. Valve pon 
formc<l in aUiminnm valve honsiiij; cs 
tell ding over six cyUndcrv 


2A-1500 

2A.2500 

Steel 

Steel 

liUcgral with Cylinder head 

Tour 

I'oiir 

Tulip Type 

Tulip Type 

liilci High Timgstni Steel. Exhaust 

Silchroiiic 

4.'i* 



K/ 


t'." 

4 

ur 

2i^i- 

!«• 

2A* 

Multiple Helical 

.Mnhrple llrluMl 

7 piaiiM wire springs 

1(1 piano wire '‘tiring 

arranged coiu'cii* 

arranged concen 

incally 

iriciilly. 

ur after l»»j» H C 

nr after lop !)(' 

4.'>* after Ixrt. D.C. 

45*afierlHii DC 

4K* iKdofclxit DC. 

4H'’ before ImU. l)t *. 

8* after lop U.C. 

8* after lop U C. 


Sec text 


Sve text 


Two iHdro Imllery igniiion dislnhiUor" 
at rear of rngme driven fnmi the cain- 
shafi <lnv(' side gear ti|>]>cr 
Two WiM A(x-I2l) Scintilla Maciielos 
iiioiintcd on bracket hedu’d lo rear end oi 
rraiikcnsc—driven by flexible could mgs 
Sp1i|<k*rf nr Scintilla Ocmblc Magneio 
iiHiuntcd vertically in the Vee witb sep¬ 
arate distril>nt<ir drives. 


Strmnbcrg Motor Devices Co. 
NA-Y6P NA-S12 

2 duplex 2 single 

Hr 2^' 

40 .Vi 

Back suction un float chamber 


Exhaust Heated 


Bo* seclkm type llox* section typ*' 
parted liclow ilie parted below tbc 
center line of the centerline of ll"' 
crankshaft. Special crankshaft. Mtuii 


Crankcase 

Type 
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Water Pump 

Tyy^ .. 

kaliti r>f oraliksliaft sp<*e<Hopmnpspeed 

fllancl tytM*. 

TViviiJjf Iniin . 

Oil l‘o(np. 

Tyfn* . 

< ;ilttniy al IWK) 1< l».M. 

Fuel Pump 

T>jk' . 

Lubricating System 

I'resnurc .. 

Tmh- .. .. 


Overall Dimensions 

i ciiti*r til ivnivr of engine liearen 

< Overall Irugtli . 

Overall IicIkIu. 

Overall wiihh. 

Weight of engines (dry) 

Mtidvl 2A-1.S00 direct drive. 

MiHtt'I M* 154 HI Kcarcil rinw. 

Model 2A-1^ Inverted Drivi- .. 
MixWI 2A*2SOO Direct l>rivc ... 
Ml Mid 2A'25lH) Geared Orivr. 


desiirii incorporat¬ 

f>carings supported 

ing llirniigb U>lts 

liy caps. 

lurallel witli cylm- 


der axis. 


Cmti'ifngal 

CeiUrifugul 

1 ii» V/j 

1 1/12 

Wremb adjusted stuffmv Ihix 

Paiff .... 


2Ad50l> 

2A-2.'i00 

Triple (<car 

Triple (iear 

2400 lbs |)er hour 

2400 Ills. |wr hour 

Wnubi Vikiiia or U. 

USA S. C-3 

S A S gear pump 

Ki*^ir pump 

75 In 100 Ibv IKT MI, ill. 

Dry sump system 

with triple gear uil 

puiup iiiMuntvd in 

unit w'ltb M’rix*n in 

lower half rraiikci 

isi*, MTiTi) esii*uding 

full b’liRtb of 1 

lul p:in |4J jiriitivl 

scaveURing jiumps 

istr 

18^' 

65,V* 


37>i' 

42^4 • 


3oi:* 

Wilb twx3 Scintilla Magnetos with l>cK*o 

4K‘* (icnerator. 

'700 lbs. 

•750 lbs. 

WO ll». 

870 lbs. 

•780 lbs. 

•770 lbs. 

•IKiO lbs. 

•1150 nis. 

1380 lbs. 

1370 lbs. 


< *1 Nf> jimpi'ller hub. 

The mfiilrl 2A*1.VK) ilirret drive and tiivrnrd driiT prujiidlrr hub asiieiiibly wduliM 20 lbs. 
T1 m< niodd 2A>25(NI diri'Ct drive |iii»pt’lli'r liidi ass<inldy ux'isiis lbs. 11)^ o/. 


STANDARD ADJUSTMENTS 


Inlet valve tappet clcArancc. 

I Cx ban St valve tappet clcamnee. 

Inlet valve opens.. 

Inlet valve closes. 

I'.xhausi valve opens. 

Exhaust valve closes. 

*M]inmum water outlet temperature. 

Maximum water outlet temperature . 

'Minimum oil inlet temperature. 

Maximum oil outlet temperature. 

Minimum oil pressure at 1000 r.p.m. 

Minimum oil pressure at 2000 r.p.m. 

Maximum oil pressure at 1000 r.p.m. 

Maximum oil pressure at 2000 r.p.m. 


Model 2A-1500 Model 2.V2500 
.020'—.023- 02H‘' 

.020'—.023* .038"—.041 * 

10* after lop DC. 

4$* after liotumj D.C. 

48* before l"Ht<MU D.C. 

8* after tc»p DC. 


120* Falir. 
IHO* Kahr. 
no* Fabr. 
200* Fabr. 
40 Ihs. 
50 lbs. 
100 tt)S. 
100 lbs. 


120* Fabr. 
180* Fabr. 
no* Fabr. 
200* Fabr. 
40 lbs. 
50 lbs. 
100 Ills. 
100 lbs. 
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STANDARD ADJUSTMENTS—Continued 


t^. full advjnc^—5.5 I awnii ratio. ricffTt-cs 

l^n. firM atIvaiKC—5.1 mniiK .. ^0 ilt'Krcc^ 

Majfnel(» contacts sIumiUI open. .OHr—. 012 * 

Iftniliou di'tnljuior ctwiiacis shoukl opcti .014*—016* 

S|>arkplujr . .014*—.016* 


(•) Kor nn»sl satisfactory rrsiills. 


44 dfRrers 
5ft ilrRrws 
010*-012- 
.014*—.016- 
.014*—016* 

a 


VAl.VF. .SPRING l.OADING 

XlrMlf! 2A l.Sfl0 


Inlet valve spring assembly 

Valve nps'" . 

Valve el»»s4-<|. 

Evil nil St valve spring asm’niUly 

Valve n[K*i( . 

Valve tlnsrd . 


K26 ll'S. 
420 Ills. 


Minlel 2A-250(1 

*Hi Ihs. 

4A lbs. 


Piston sktri clearanee in cylnulrf 
Master rod iK^anriR ckvirann* oi 
eraiikt>iii 


nnce 


Camsliaft heariiiK cU-araitee. . 
C'anisliaft drm* center sliafl upper 

lK*arinjs cle.ir.uHc... . 

Camshaft drive e<*iiier shaft lower 
hearing elraraiua*. 


lioarinR rlea ranee . 

Water iminp gear lie.innic elcar:iftee||) 



7ft K Ills. 


lbs. 


420 11 

4K 

Ills. 

DARD n.E\R.\NCES 




Miiikl 

2\-1.50ft 

Mixicl 

2.A-250(1 


Ulft*- 

.017* 

.021*-. 02.1" 

im <lu 

1JI»2" 

004* 

Ij0,1* 

.(N15" 

liiilwiH* 

IHIH*- 

- 020* 

OOH". 

- <120* 

i>n 4li|i 

(WKlf 

002* 

.0005*- 

- <102'' 

Vlltlwi^' 

UM*- 

- OOK* 

OtW* 

. <I0M‘' 

mi kILi 

<1025*- 

- 0045* 

0025*- 

- 0045* 

1 9 It# Wi Ml 

nul Wise 

•Ofi25* 

mmiin.il 

• Ori25*- 

'<iiouini.ll 

nil ilui 

001.5*- 

- 00.15* 

.001.5*. 

-<XI15'’ 

(111 ih.v 

.0015". 

-0(M5* 

.0<H.5*- 

-my 

uii flm. 

001.5*- 

-00.15* 

001.5*- 

- <Xi.15* 

vndwiH* 

Oftft" 

<110* 

.rxki- 

- our 

fill iha 

0015*- 

-oai5" 

.0015"- 

00.15’' 

vuilwisr 

OOTi* 

. <H0* 

.0<K»" 

- 010* 

un «lia 

.001.5*- 

my 

001.5*- 

-my 

nulwisc 

OOf.*- 

- 010* 

.(Ky>-— (lur 


an elui 
inlwise 


Pispifi riiiR Rap 
Up unri (liiwu riiiR elearanee 

Tn]) niiR. 

Center riiiR. 

Liiwcr niiR. 


.001.5’ 

.fttVi' 

.02125* 


,00.15* 

. 010 * 

04125‘ 


.0015"- 

IKV/- 

.02125*. 


0015* 

010" 

04125" 


oar - 0(tt5* 

.ftU5*— .003* 
.003*-.0025* 


oai*- - Ofl.15" 
002.5-— ,005* 
.0(L>"-^0025* 


(*) Crankshaft on direei piiRines Is Ineated by pnipeller thrust l>earirig, shims liciiitf 
provhled tn locate the shaft correctly. 


Unpacking.—Packard aircraft engines are shipped in substantial wooden 
boxes with suitable identification stenciled on the outside. One end of thr 
box is fastenctl with wood screws, whereas the remaining sides are naile«l 
and should not be di.sturbed. To remove the engine from the case the end 
cover fa.stened with wood screws should first he removed. Following tbi^ 
the ten lag screws (four on each side and two on the end) which fasten the 
*'skid'* on which the engine is mounted* to the inside of the case should 
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he removed- The skid with ihe engine aUached enn then he pulle<l out 
From the packin^r case. 

The ))o)ts holdinp: tlu* cii^iiu* to the tc»p siUs of the skid should hr re* 
moved after carefully unpacking' the t<*fd kit aiul <»ther luiscellaueous ma* 
terial shli>f'ed with each engine, and \Yhlch should ?»e checked <ilT the pack- 
inff-slij*. A siihslautial sHnp should he passed around the eupine h>r hoist- 
piirp<ises. If no starter is mounted at the rear em! of the en^nc it is 
rnhisahle to fasten a Conide of pieces of flat struck uiwlor the two hiwcr 
screws rclaininj^^ tin* cover over the crankcase starter openiui' to prevent the 
rear lii^^hl of tlie slin^j from -slijipiu^ iifl* the crankcase when raisin*; the 
eiipinc. The hwwnrd hi*;ht of the slrnR can he |iasse<l umler the iujsc of 
I he en**ine of cither Ifie direct or i;rared type without fear of this end of 
the sliuj; slipping; olT. 

Inverted etu»ities are shippc<1 and handled in the -satne manner as direct 
viijjjncs. that is to say. with the cylinder hanks upright: the only estra 
precaution necessary in handling; the inverte<l en*;ines is to *;nav<l a|;ainst 
Mil enlerin*; the electrical at»|>:iralns. which should he inspect in] and cleaned 
if necessarx. after llie en**ine has been invcrte<l In its ojKTatinj; position. 

Preparing Packard Engines for Service.--Assinning that .iti engine has 
been irlle for a considenihle ticrii»cl it is advisable to tnake a carefnl ins|iec' 
lion as otitlined below before attempting to start the engine. Remove all 
>piirkplugs nml iiiseil a siiiall <|uaittity of oil in each cylinder. Tnrn tlie 
nigioc over hy ham I to insure spreading the oil over the cylinder lucres, 
('lean the sparkpitigs. or renew same if necessar\\ and check the sparkjdng 
*iaps to he ahoni .(dS inch. 

Ueinove the valve Ihui.^ing' covers and clean off traces of moisture or 
jiiimniy oil ami inhneale all moving parts getiemusly with an oil can. 
I'lghten down all nlinder to valve housing h<dd-doxvti nuts. Special 
vvreuches are furnished in (he tool kit to fit these nut. there being 3() to 
each hank of six cyliiulcrs. 'I'hese are arranged in three hHigitudfiia) rows, 
the inner ami outer row id mils seating in ciinnlcrhores in the vaKe housing 
lop ^ur^ace and sonie of the center row of mils serving to hold <l*»wn the 
camshaft hearing |K*dcstais. It is important Ihni these tints f>e drawn down 
liniily and with eijiial pressure. Check lapt>e1 clearance and adjust, if neces¬ 
sary. jicrforming this wcirk after tiglitoning^ clown the valve housing lints 
‘’s ex(>Iaiiicd in the prevhms |«irngra]dt. 

Uejdace the valve lumsing cewers. heing careful to locate the gasket in 
Is correct place. It is advi.sahic to rcnuivc the laclmmeler clriver before 
I eidacing the camshaft cover in which this unil is mounted. After rcjilacing 
die cover the aclniitcr hir the lach<»mctcr dris’c can he screwed home and 
I screwdriver should he n.sed t<i a.scertain that the driving shaft is free in 
ds hearing and lined tip correctly with the driving dog mcmiitcd on the end 
•r the camshaft. 

Ignition contacts should he examined and cleaned, if necessary. If 
nagneto ignition is used the contacts should he adjusted to .010 inch to 
dl2 inch gap and care should he taken to insure the roniact surfaces being 
'^Arallel and perfectly clean, free from oil. If generator ignition is used, 
he contacts should be set .012 inch to .014 inch. It should he noted that 
die magneto contacts are of platinum alloy and can he readily hied, hut the 
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fi:enerator ignition contacts arc of tiinj^sten an<l can only be smoothed will 
a carhorunchini stone. The distrilmtors slioiiM lie cxaiiiincd for being clear 
and dry anti llic distributor n>t(»r should hr inspected for being tight on ji 
shaft and the center carbon brush in the distributor shcnild work freeb. 

The oil screen shotdd be taken out and cleaned. All wiring and connec¬ 
tions should be carefully examined for being light and sound. Tin* 
carburetor screens should be taken out and cleaned after reinoviii'" 

_ o 

ibe stjuare head retaining ping on top of the carburetor, The carbnrclui 
throttles should be examii»ed for being synchronized. It is mure iinporianl 
that the throttles should ch»se simultnnconsiy rather than that they should 
both be strictly vertical when witle-o|K*n. Ilowcvcr, there .shonhl be imi 
much discrepancy in the wi<le-open position. Gas<dine i>ii)ing up to the 
carburetors should l^e checke<l for leak.s. pumping' up i>ressure hy hand, if 
necessary. The water system shoubl l^e carefully gone over for eviilencc 
of leak.s, loose hose clamps, cr nUted h<»sc connections. In checking (►ver 
a new installation every pt).ssihlf precunlion should he use<l to invure free 
dom from air bjcks in the system, which can stnnetiines lie li»caled by “gtir}** 
ling" sounds immediately after the system ba.s heen filled with water. 
Engine bearer hol<l-do\vn holts and projieller hub bolts should be care¬ 
fully examined for being tight and safetied. Sjiark. throttle, mixture. r:ulia- 
tor shutter, and gasoline sliut*olT controls should all be carefully e.xuminecl 
for being free and properly safetied. 

Starting the Engine.—Before starting a new engine or one which has 
stood idle for sonic length of time, it is advisable to inject a .small (|uaiitit\ 
of lubricating oil (about % of a teas]H)Ouful) through a si>arkj>lug' (Opening 
in each cylinder. With the ignition switches crank the engine oNcr 

a few times to disStribute the oil over the cylinder walls. He sure that the 
cooling system is full of water, all drain idugs securely closctl and an aini>lc 
supply of oil and gasoline in their rcsfiectivc tanks. 

It is advisable, if pt»ssible, to secure a supply of hot oil and hot water 
for the engine to be poured in just before starting' the engnne In extremely 
cold w'ealher. The hot water will serve to assi.st va|>orizallon of the fuel 
and lower the visc4>sity of the oil on the cyliixler walls s<» its to prciiiuuc 
easy cranking. The hot oil will insure a ready lh»\v of oil between the oil 
tank and the oil pumps and >vill prevent excessive pressure being generated 
due to congealed <jil in the inpes and oil co«dcr. Under these extreme c(dd 
weather conditums it is preferable to prime each cylimler separately through 
a sjiarkplug o])ening wdth about % tcnsixnmfnl of ether or a mixture of 
ether and high test gasoline. All twelve cylinders should be thus j>rim<‘d 
to insure a prompt start. 

In moderately cold weather, with a cold engine about three or four 
operations of the primer should be sufficient to insure excess fuel for starl¬ 
ing. Excessive use of the primer will result in washing the lubricating oil 
off the cylinder bores with consecpienl possible damage to the pistons an<l 
cylinders due to lack of lubrication. In warm weather or when the cngir 
is warm it is advisable to use the primer sparingly, if at all, fur once th* 
engine becomes saturated with an over rich mixture of vaporized fuel it • 
extremely difficult to obtain a prompt start. Should the engine give a fc^ 
intermittent ex]>1osions. expelling black smoke when starting up, it is a sn* 
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Mgn of an excessively rich mixture. When an engine becomes “loaded’* in 
this fashion and fails to start after repeated cranking, it is advisable to turn 
the engine over backwards by means of the propeller (or four or five revolu- 
lions, thus permitting the drawing in <»f jmre air through the exhaust ports 
.Old leaning down the excessively rich mixture in the cylinders. The engine 
should then start jironiptly after cranking ahead for two or three rcvolu- 
lions. 

Starting with Magneto Ignition.—It is ncces.sary to crank the engine at 
a rate of about 30 or 40 revolutions per minute in ortler to obtain a sufficient 
>l)ark from the engine magneto to insure a promjK start. Therefore, when 
ilic engine is cranked over by the ordinary form of geared band crank or 
.TO electric starter of the conventronni type it is necessary to provide the 
auxiliary sjiarking means of the liaml crank or *‘hoc»stcr“ magneto to com- 
prnsatc for the slow cranking .speed. 'I'his magneto is c<»nnectcd to a 
‘*iniiling“ brush on the high tension distributor and thi.s automatically in¬ 
sures safety in cranking by siijijilying a shower of sparks in a well-retarded 
|ir»iifori. Tlicreforc, wlion cranking the engine over slowly in order to 
>tart. the booster magneto shouhl be ujieratvd briskly, and when starling a 
erdd engine it is a<lvi.sablc to Ciuitinue operating ibe f>ooster until the en¬ 
gine has ])icke<l i\]> several hundred r.ji.in. 

When cranking the engine u\rr. the magneto .switch should he placed 
in the “hnth oii'* jiosilion and the spark c<mtroi advanced about one-half 
way. The throttle should he barely cracked unless it is thought that the 
engine is hindcd with a rich mixture, in which ease better results will be 
olitamcd by opening the throttle a fraction of its travel. With starters of 
the “inertia” tyj»c it is generally possible to start the engine on the main 
magnetos without the use of the hand crank magncio. However, one of 
I he latter instruments should he always available for emergencies. 

Starting with Battery Ignition.—The engine must never he cranked by 
hand with the ignition switch “on” unless the starting crank is provided 
with an efllcicnl anti-kick device. With the inertia type hand starter or 
any electric .starter it is of course, necessary to have the ignition switch 
“on” with the spark control full retarded. In case it is necessary to start 
the engine regularly by means of the propeller, a battery buzzer coil or 
a hand crank magneto should he used to deliver a delayed spark to the 
trailing brush of the distributor and in this event the engine must always be 
^tartcd on “compression.” That i.s ti> say, the engine should be turned 
over a few times with the switches “oil” and then with everybody clear the 
htjzzcr or hand crank magneto should be operated, this procedure being re¬ 
peated until the engine starts. 

After the Engine Starts.—It is advisable to advance the spark at least 
half way as soon as the engine has fired a few limes. Then, after a few 
'Cennds of idling the spark lever can be retarded in order to warm the en¬ 
gine up more quickly. As sc»on as the engine starts the oil pressure gauge 
hould he carefully watched and tlic engine throltleil to not over 500 or 
r.p.m. until at least twenty iKmtnls pressure is indic.aled on the gauge. 
^ hidcr no circviinstances should an engine be run for more than 30 sccimds 
without an indication <»( some oil pressure on the gunge, Failure to <»l)servc 
this precaution will almost invariably result in serious damage to the en¬ 
gine. 
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The enj^ine 5hou1cI not be 5]>ee<Jc(i tip until at least 40 pounds pressun 
is indicated. The throttle may then be gradually opened and the spar, 
advance may be set to ^ivc the maximum revuUilions. When the watti 
outlet temperature has reached about 120 dc^^rces Fahrenheit or 50 degrci 
Centiftradc. the thn»ttlc may he opened up witle tt» check the functlorntj^ 
of the enpino (in the t^round under those conditions. The r.p.iii, ohluinc^j 
will, of course, (Icj^cnd njxm the ]»ro|>cl!or characteristics and may var\ 
from 1.50() r.p.in. lt» 1,8(K) r.p.m., dependiuR; uinni the retjuirements. 

If the ctitcine fails to come tip to the desired r.p.in. and is more than 5^ 
r.p.m. lower than is expcctctl the jdaoo sh<nild not be down until the cauM* 
has boon ilclcrniined. While rmtriin^ with Ibc thr(»lile widc-oin-n the in 
dividual ignition su itches should bi» tried and the en^ino should function 
c(|tially well on sliu^lc i^;niliou either rij^hl or left with t>uss»bly the 
of 25 or ,Sf) r p.in. as c<‘injKired with <i|K*rati(m on **b<dli" The 

cn^nne slujiihl not bo run uith wide-o]*eM Ihrotile on single aij> 

T than necessary lodetenuiiic that each i^niitnin system is fuiictionium; 
Hunnin;r the engine wide«<»pcn on siuRle i^'uition ]>rotnotes detoiialiou and 
is therefore injtirions to sparkplugs and valves The tbr<»ttle should be 
held widC'Oiien only lon^ encMi^di to insure that everUliiuR; is functh^niiiK' 
properly and in the case of a new plane it is ad^ isable to coni nine lids opera¬ 
tion until the water <iul)ci temperature has reached 1W> <lc^rces b'ahrenhou 
AO as to jjuard apHinst a sicam trap bciuix f«>rmc<l at the hi;;lier temjieratufc 
in the water system, lixubmce a steam trap or faulty circulation is 
shown by the water outlet Ihertiionieler rising very rapidly whereas (he 
water Inlet thermometer rises slowlv. 



The "oil nut** thermometer should also be carcfiillj* watched and this 
thermometer shouhl at m» time iiulicalc an oil temperature of more than 
twenty degrees Fahrenheit or eleven degrees Cciitigratle. higher than the 
water outlet thermometer reading. It is. of course, iiuporlatil that hulh 
water and nil thermometers register abotil the same rcn<ling after the plane 
has stood idle for a considerable length of lime. While the engine is oper¬ 
ating at full throttle it is advisable to check all coiitr<ds. the spark, ihrotllo. 
mixture and radiator shutter controls to observe that ihc.sr work with poi- 
feet freedom under approximately flying conditions. Should it be found 
necessary, especially on a hot day, to run the engine for a considerable 
period of lime on the ground, thus heating up the oil and water to an exces¬ 
sive degree, the engine should be throttled to aboirt 500 to 600 r.p.m. in order 
to cool down the water ami oil before taking-<ifT. Under these condition^ 
the water outlet temperature should be between 120 and 140 degrees Fah¬ 
renheit, or between 50 and 60 degrees Centigrade. 

Stopping the Engine .^Except in emergency it is always advisalde 
stop the engine by closing the throttle gradually, shuUiug off the gasolhw 
supply and allowing the engine to continue lo run until the carliuretoi' 
become drained. Then, jii.si as the engine is about to stop firing, the thro^ 
tie shovtid be (pitckly opened wide and the ignition switches ttirnc<l ofT 

Care of Models 2A* 1,500 and 2A*2,500 Aircraft Engines.—After ea^ 
flight the engine should be given a general surface inspection and prepare 
for immediate flight. General surface inspection is meant to be constrm 
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an careful inspection of propeller hub lock nuts, propeller hub holts, engine 
liold-down bolts, cylinder hoUlnlown nuts, hose connections, ignition wlr- 
mg» and sp^ark ami gas roiitnil linkage, Tin* sparkplugs need md be re¬ 
moved unless previous operutinn imbeated tnni)»le in this conneclion. hut 
It is advisable lo check all fdugs for being tight in the cylinders. During 
cold weather the water should lie drained from the engine, by removing 
the plug at the bottom of the water pinup inlet connection; if the engine 
is to )>e idle long enough to freeze, unless proper atiti-freezc s<iliition.s are 
used. 

After Every Twenty Hours of Engine Operation.—rollowing every 
(wenly hours of engine ojieration a very complete inspection should be 
made: this inspection sliouki include the daily inspection routine ami the 
following additions: Clean <mI and gas<dine strainers, fin the uumIcI 2A- 
l..^(X) engine the oil screen is located on the suction side of the pressure 
pntiili. On the nnulel 2A-2.5(X) engine there are two oil screens tii be re¬ 
moved and thoroughly cleaned; (>nc of these screen.s is located on the suc¬ 
tion si<lc of the pressure puntji, as in the model iA-l.5(lt) engine, ami the 
(dher is mounted in a conij>artinenl in the crankcase lower halt on the pres- 
>iire side of the pressure pump. The gasoline strainers are located at the 
g.tsoluu* inlet connecimn ami can be taken out after removing the stjuare 
head retaining ])lug on loj> of the carburetor. Drain oil from lubricaling 
\vslcm and rcfdl with fresh i»il. 

Inspect magneto breakers nr dislribuior interrupters ,'iml a<ljust if neces¬ 
sary. Check lajii»el clearance and a<ljust any tlial vary jimre than .004 inch 
from the sj>ccifie<l limits. Check c<»mpression. Tighten cylinder head to 
valve housing nuts ami cylimler to crankcase nuts. On genre<l engines 
insjicet and tighten, if nece'**^ar>. the bolts holding the reduction gear case 
to the crankcase. Kennne sparkplugs—clean ami adjust gaj)s where neces¬ 
sary, Remove jilugs from exhaust-heated int.ike manifolds and clean out 
cxltausl jiassages. Drain and put in fresh water, being sure that the .system 
IS coTiipletely full am) free from air liK'ks. After 2(X) hours of engine oper¬ 
ation a complete overhaul ts reroinineiidcd. 

To Check Timing Without Disassembling.—In order to determine 
whether the engine is cfirrectly timed williont disassembling to verify gear 
velationships, a marked sector is provnle<l integral with the rear camshaft 
Nearing cap on each bank of cylinders. This sector bears three lines corre- 
•'lumding to iw^o events in the cycle of cylinder No. 1 and one event in 
die cycle of cylinder N<i. 6, The timing of e;ich bank is checked separately 
Ny Its individual sector. The valve housing cover is removed and the en¬ 
gine riiiated lo l)ring the mark on the circumference of the camshaft gear 
m line with that on the liming sector marked '*top dea*l center cyl. No. 1.’* 
I he position of the |)iston in cylinder No. 1 may then be checked in this 
I’csjiecl and the engine rotated to l>ring the camshaft gear marking opposite 
die line marketl ‘'Kxhaust close, Inlet open Cylinder No. T* on the timing 
eclor. 

The piston of cylinder No. 1 should now' be at the neutral point, that 
S the exhaust valve having just closed and the inlet valve about to open, 
and the positions of the valves and cannshaft for this cylinder may be 
hecked. The engine is then rotated counter-clocktvise to bring the cam- 
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shaft ffcar marking opijositc the third line on the timing? sector marl« 
‘'spark full advance cyl. No. 6** and the posilic»n nf the distributor rotor ni: 
breaker jioints can he ob.scrvcd lo verify the correctness of the ijjnitUk: 
timinj; for this cylinder. With these three events <»f the cycle checked fn 
both banks of cylinders, the engine may be considered pro])crly limed. 

Grinding Valves Without Disassembling Cylinder Blocks. Care of 
Valves.—The running lime of aircraft engines between ovcrliauls is large)\ 
a matter of the necessity for grinding valves, especially the exhaust va)v< s. 
and it therefore jiays, in order to insure long periods between overha id s. 
to watcb the valve coticlition carefully and carry on such maintenance work 
as outlined below whenever conditions re<|uirc this work lo be pcrformf<l, 
A sure check on the condition <d the valves can be obtained by tiu'a^>tiriii|; 
and recording the tap|>et clearances, particularly the clearances of the e\ 
haust valve taiijjcls. This insiiection can he curried out hy two men in 
about an hiuir and should he done at regular intervals, say every twenty 
hours of engine operation. A feeler gaug^c is inserted between the cam fol¬ 
lowers and the cam and whenever this clearance shows signs of closing u)' 
it is advisable to proceed further and ascertain the reason therefor. Tha 
clearances bir the nu»del 2A“l.5t)0 and 2A*2..StX> \alves arc given below: 


Mwlet 2A-I500 inlet v.ilves.01ft' lo .tl2r 

Model 2A'].Vin c.shauM vhIvcs . (Uft* u» .4121* 

Moilel 2A-2StK) mid valves. (\2$“ io CGR* 

MesM 2A-254X1 rslKuisl valvi<.itW in .(Ml* 


In case any (d the clearances show a luarketl decrease the compression 
on that particular cylinder should l>c checked. A simple and sufficiently 
accurate method of checking the coniprcssiim on these engines is to remove 
all the outsiiic sparkplugs and check each cylinder in turn following the 
firing order on each block of 1*.S-5*<V2»4, the jiropcller being turned slowly 
until the inlet valve on each of these cylinders is closing and then l)cing turnrcl 
briskly for somewhat less than onc-half revolution, the rmtside spark|jlii>» 
opening being closed by bohling one thumb over the opening. In this man 
ncr the compression in e.ach cylintlcr .shoiihl hold for .several seconds. Iieni^ 
relea.scd finally by removing^ tbuinb from tlie sparkplug opening. In ca^r 
any valves are ''blowing** it is very simple lo determine it in this fash ion. 
and assuming that only one or two valves in the engine need attention h 
is advisable to grind Ibc valve.s in without removing the cylinder blocks m 
the manner outlined below. In recommending this proccilurc, however, it 
should he home in mind that the utmost care should be used in followinj: 
the instructions and this should be entrusted to skilled and experienced 
mechanic.s only. 

Grinding Valves Without Removing Cylinder Blocks.—Having deter 
mined, as outlined above, which particular valve need.s grinding the cam 
shaft should he first removed, taking care lo identify the position of the 
camshaft with relation to the crankshaft, it being desirable to have tin 
“o’s” on the camshaft gears corresjumd for this operation. After removii i: 
the cam.shaft disassemble the valve spring.s and upper collar from the vah' 
lo he grouncl, but do not remove the safety ring which prevents the vnh 
from dropping into the cylinder after the spring retainers have been v< 
moved. Now secure a clean length of about ten feet of one-half inch Oiaii 
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ctcr rope to be fed in through the sparkplug opening opposite to the valve 
is'hich is to be ground in and insert sufficient of the rope in the cylinder to 
catch any particles of valve grinding compound which may subse{;ucntly 
\it dropped off the valve seal. Ncedle*sS to sav, the free end of the rope 
.should be kept in the clear in or<lcr to remove same later. The grinding 
compound can he applied to the scat of the valve by allowing the valve to 
drop as far as the safety ring will permit and applying a small portion of 
valve grinding compound on the end of a screwdriver introduced through 
ihe near sparkplug opening. Great care should be used in only applying 
:i sufficient amount of cumjiound for the o|>eration. 

The valve is ground in by means of a suitable tool clamped to the end 
of the valve stem and the necessary pressure can be applied either by pulb 
tug up on this tool or preferably by a simple f<»rkccl lever usetl as a prv under 
the tool. Sketches of suitable UhiIs will be supplied upon ajjjilieation by 
tin* engine makers, The conipoiiml can best be cleaned off the valve seat 
t»y mscrling a rag through the sparkplug opening ami catching same be¬ 
tween the valve sciit and the cylinder, rotating the valve with the rag in¬ 
terposed and removing the rag and rotating the valve again.st its .seat. Re- 
jieal this operation until all the compnuii<l has )><*en removed, as can be 
detected by the smmnh .scaling of the valve on its seat. When it is believed 
that a good seat has ))c*cn obtained the rope should be removed, the spark¬ 
plug inserted on the inlet shle, and the compression tested by rocking the 
onguie, using the thumb to close the outer .sparkplug opening. If the valve 
continues to *1>low'* the grinding operatkin sltotihl be resumed and con- 
tinue<[ until .such lime as a light scat is obtained. In rocking the engine 
cure should be used not to \ose sight of the position from which it was 
moved as the crankshaft must later be restored to it.s first position in order 
to avoid losing the ctirreci timing adjustment. Unless a valve has been 
neglected for loo long a time it should be possible la perform the opera- 
iicuis outlined above in about three hours with two men, which represents 
a great saving of time as compared with removing the cylinder block. The 
Mirces.s of the operation depends altogether u|>on preventing any valve 
grinding compound drojiping <»n the pistons or the cylinder walls, and this 
lan be avoided by packing the cylin<lcr with plenty of rope and using the 
^alvc grinding comj'omul very sparingly. 

Summary of Operations for Complete Tear-Down of Models 2A-1,500 
and 2A-2,500 Aircraft Engines.—1. Reniove carburetors ainl cross headers. 
^h^ both the model 2A-1.500 and 2A-2.5(lO engines the carburetors can be 
lifted out as an assembly with the cross manifolds as shown in the photo- 
i:raph in Fig. 703 B. it being first necessary to remove all sparkplugs, 2. 
I'cmnve valve housing covers, first unscrewing the tachometer drive 
adapter. When replacing the valve hou.sing cover the tachometer adapter 
•hoiild be screwed in place last, taking care that the tank on the tachometer 
'riving shaft engages the slot in the camshaft gear flange. 3. Remove 
•^mshafts, holding the camshafts in place by special *'C'' clamps until all 
•nnshaft hearing cap nuts have been taken of and then hack off evenly on 
oth C clamps to avoid springing the camshafts. 4. Renms'C camshaft side 
irive gear upper after taking nuts off flanged bearings. (Keep shims with 
taring by wiring them together.) 5, With geared engines remove rcduc- 
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tion ifear next. 6. Loosen hose clamps on valve hoiism^ nil drain tubes ; 
the front end and fide drive housings at rear end and remove drain tube 
at front end. Disconnect crankcase to valve housing oil feed lines at rerc 
end of engine. 7. Loosen hose clamps on cylinder water inlets and remnv* 
cylinder water inlet manifold after Itnisening lower hose clamp at waH" 
pump outlet. 8- Remove ignition cable tube assemblies. 9. Remove tlir 
cylinder to crankca.sc nuts, using the special wrcncbe.s furnished with both 
the iiukIcI 2A-1.500 and 2A-2.5I10 engines. 10. Roll the engine over 
degrees until the cylinder block on one side is in a vertical position. 

II- Lift cylinder block assembly by means of a sling passed iindor 
notched \vcH»dcn blocks placed under each emi of the valve h(nuking. Great 
care should be used nru to cramp the tu'^tons by raising one end of Uu* 
block higher than the (dlicr. The cratikease center studs should be ]>ni 
teclcd with rubber hi»se before lifting the cylimler block assembly mm 
plelcly So as to prevent the jiistons from falling onto these studs as they 
arc released fr<mi tlic evlindcr Ingres. 

12. Roll the engine over (if) degrees 1<» bring the <dher bank of cylinder.s 
in a vertical jiositioii and remove this cylinder bhick in the same manner 

1»L Remove the camshaft side gear Icnver assemblies and magneto or 
generator sup[>ort. keei*iiig each set of shims with its own assembly. 

14. Remove camshaft center drive gear assembly after taking out the 
cap screw j>r<»jecting thvcmgh the rear end of tbc crankcase which holds 
the lower bearing iu position (preserve shims in their pro]>er pfisitioii). 

15. Remove pist«ins by tiriving out piston pins with a sfiecial tlrift after 
taking out the retaining snap rings. It will be mited that the pistons are 
marked with their resjiectivc numbers on the rear cross rib ami care slmnld 
be used in assembling in the same fashion. Warnimg the pistons np slightly 
will great It facilitate remrivtng the tnston pins ami this can be aceomidislied 
by ai»id\ mg cloths soaked in hot water ti» the pi.s|»jn.'‘ When re-asscinbling 
the t»istous on the Coiniecting ro<1s the pistons can be immersed in a pail (tf 
hot water, after which it will be fouml the inston |niis can be slijijied in 
jdace merely by hami i^ressnre. 

\h. UnW the crankcase (wer l>oltom side up and remove the pump unit 
bodily. 

17. Remove the crankcase lower half or oil pan. 

18- Remove main bearing cat»s, taking special note if all main hearing 
studs or btdt.s arc sung in the crankcase. N<»tc that the bearing shells an* 
numbererl on the rear or timing gear end of each bearing. Also note thrit 
the bearing shells carrying the oil grooves are located in the crankcaM* 
up])er half, the half shells resting in the bearing cajis having no oil grotne-. 
in the bearings. 

19. Remove bolt from starting jaw. The starter jaw is provided with 
j4-t\venty thread tapped h<»lc and the puller lM.»dy. supporting the hcat^ 
of a J^diich cap screw, should engage the rear face of the crankca.sc and i 
this mauner the jaw should be tmlled off the crankshaft. 

20. Lift out erank-shafl complete with connecting rods by means of chm* 
falls ami .suitable slings to avoid damage l<i the shaft. Support cranksha! 
from bench rigidly by Imltiiig one end in a vise between two pieces of w'm- 
or soft jaws and supporting the other end from the floor hy means of • 
suitable timber. 
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21. Remove connecting rods imlividnally from the crankshaft, paying: 
jK*cial alteiition to kccpinjj inatini; parts Uij'elhcr. It should he mded that 
Moth hcariiiijs and conncctm^ ro<ls are niinihercd tfnvar<l tl>e rear of the 
. uffine auc! ^reat cart* should he exercised >^Kcn rt-assembling to pet them 
iM their proper locations. It is very iinjH»rlanl that the master connectiitp 
.ids he fitted to the ripht hank of cylinders, the link rods heinp on the left 
when facing the aiiti*pro|>elkT end of the engine. 

Re-assembllng the Model 2A-1.500 and 2A-2,500 Aircraft Engines.—In 
<;nuTal the Wiirk of rc-usscnihling the engine consists in following the 
,d»iivc operatiims in reverse sc<|ucncc. However, inspections are necessary 
,il frcifnent intervals to ascertain that the gaskets are in good condition 
;nid correctly locale<l. timing gears have the correct hucklash. an<( all hcar- 
nig^s have their diametrical ami end clearance in accordance with the limits 
iMjlIincsl iimlcr heading “SumlanI Clearances.*' It is extremely imjiortant 
ihat all oil passages ihroiTglumt the eng-ine he scrupnlonnly clean and this 
sliouUl he detenu I ned hy fejH*ated flnslimg oi>rraliims followed hy blowing 
Dill with cimijire'^sed air. 

Crankshaft Plug Assembly.—The crankshaft )dngs in the crankpin jonr- 
Tial.s should he rcmoveil and ihc inside <d the craiikpiiis thoroughly cleansed 
(hiring overhauling^ <»l>eraiioi>s. Perfect cleanliness is essential and no 
u:ix|e or nigs liable to de|>oMt lint should he u.sed in cleaning the ]>arts of 
the engine, and all hearings should he liberally lubricated with an oil can 
when re-assenibliug. 

In rejdacing the piston pin snap rings it is very imimrlant that these 
rings should have the |iro|K*r tension and fit snugly in the groove ])n»vided 
iM the piston boss. Any snap rings which can he e.asily turned after having 
heeii sj»runtt into the grtnue should he rejected. 

When lowering the cylinder blocks in tK».sition over the pistons it will he 
lomid advisable U* have No. 1 and No. 6 pistons on top center. The piston 
ring slots should jirefcrably he arr.inged so that the U»\y ring slot points 
lotvard the front of the engine, the liottom ring slid towards the rear, and 
(lie middle ring slot towards the center. With the rings arranged in thi-s 
f.ialiirm it is possible to lower the cylinders over the ring.s without the use 
id a ring clamp, .although it is highly desirable to make up a set of such 
clamps using about one inch by Vin inch sheet bra.ss. 

It ts aclvi.sabfc to repack the two stuffing boxe.s jirnvided on the water 
pmiip. using for this pnri*^^c nonmctallic moulded packing n.s furnished by 
the engine niamifacturcr. The ignition wires shouhl be carefully tested 
•ind inspected and if the rubber insulation h.is deteriorated to any extent 
( all the wires should be replaced. It is similarly advisable to replace all 
nose connections and this is especially true «»f gasoline ho.xe connections. 

In re-assembling the engine a great deal of care bhould bu taken in fol- 
■ »\vlng the markings of the various i)arts identifying their location. When 
dialling .such parts as main hearings, inaiu bearing caps, cemnecting rods, 
‘islons, etc., where the ijuesiion arises which way the part should face 
hen installed, it should he home in mind that all such parts are numbered 
n those faces nearest to the rear or timing gear end of the engine. 

The cam followers, however, have numbers etched on their fiat surfaces 
•way from the rubbing surface on the camshaft bearing. Valves have their 
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niimhers ^tchefl on the upper end of their stems. The valve springs 
upper sprinu ccdlars can he interchangeably use<l on all valves, The val 
spring giii<le assemblies, however, have upright giiitles for the inlet val'* 
springs, and spirally arranged guides for the exhaust valves to rotate dir 
ing operation. 

Removal of Cylinders from Valve Housing.—When overhauling the cu 
ginc it is not necessary to remove the cylinders from the valve houNihi*. 
unless water leaks develop or either cylinders, valve housing or giisKu 
rc<|uire replacement. In this event, in re-asscinbling the evliuders to tin* 
valve housing it may be necessary to give the gasket a very light coat in;* 
of white lead. Care rnnst he exercised in tigditening up the nuts graduallv 
so as not to bind the doweled ]>orti<m of the stud, 

After assembling cylinders to valve housing with cainsliaft bearings 
and both valve housing end castings in place the assembly sboubl be tcsicil 
for water leaks. This can be acc(nnpli.shed by introducing water at one 
of the cylinder water inlets after plugging the rest. Allow water to till the 
cylinders and valve lunising until overflowing out i»f (he valve bousnij* 
water outlet, then plug outlet. This inetbod is necessary io prevent any 
air remaining in the assembly. tl»crel>y giving a faUe lest result. With all 
outlets plugged the assembly should staml 30 jHUinds water pressure at 
water inlet without leaks. 

In assembling the cylinders to the valve housing it will lie notc<l dial 
there are two dilTerent types of cylin<lers depending upi»n the relationshiji 
between the water inlet pipe and the inlet and cxbaiist ports respectively. 
One type of cylinder is used on cylitiders Nos. J, 3, 5 on the rigdit bank ami 
Nos. 2, 4, 6 on the left bank, this type of cylinder having the water Inlet 
on the exhaust port side. The other type, having the water inlet on the 
inlet \yort .side of the cylinder, is used on cylinders N<»s. 2, 4, 6 on the right 
bank and Nos. 1,3, 5 on the left hank. In ordering replacemcrU cylinders 
it is necessary to specify the exact cylinder rc<juired. as *‘No. .1 rigdil.’* '*No. 
4 left,** etc. No. 1 right and No. 1 left being tlie cylinders at the timing gear 
end. 

Tappet Adjustment.—“With this arrangement of valves, cam followers 
and camshaft, it is necessary to synchr<»nize the tappets on the same rani 
follower within .003 inch. On the Model 2A-1.5(X) engine the lapjicl clear¬ 
ance is adjusted by manipulating the upper ainl lower nuts on the ta(i|H‘i 
.‘5lud. To decrease clearance both of these nuts are turned to the right: 
to increase the clearance both of these nuts arc turned lo the left. After 
securing the desired adjustment, the two nuts she mid be securely U>cki*d 
against each other and the lock stainjiing engaged in either of the two slui^ 
in the cam follower w'hich will place the stamping ojiposite a flat on the 
lower nut. The upper nut is locked by a cotter pin in the usual fashion 
It is very important that the upper nut be drawn very tight before inserling 
the cotter pin. 

On the Model 2A>2,S00 Engine.—After determining the correct shi' * 
thickness, if same is less than .015 inch, it should consist of one shim an 
if more than .015 inch il may consist of two. The bdhiwing shim thick 
nesses are available, .005 inch. .008 inch. .016 inch. .018 inch, .021 inch. *0.' 
inch, .(XIO inch, .032 inch. .034 inch, .036 inch, .038 inch, .040 inch, .042 imk. 
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ind it is exceptional when any dressing of shims is necessary. After the 
uLppets have been finally assembled, the nuts should be securely locked in 
place with cotter pins. 

Valve Grinding.—When overhauling the engine after removing the cyl¬ 
inder block and before removing the valves they should be tested for gas 
tightness. This can he accomplished by first removing the camshaft and 
tnm followers, insuring seating of the valves by pounding lightly on the 
ond of the valve stem. Then place the block on its side with the open ends 
i>{ the cylinder propped up sufficiently to allow pouring gasoline into the 
inlet and exhaust ports in succession. Any of the valves which show the 
slightest seepage of gasoline through the ports into the cylinder barrel after 
standing a few minutes should he removed and reground. Hoth the inlet 
and exhaust valves arc idenlificd by etched luimbcr.s at the ujiper cud of 
the stem. These numbers run from one lo twelve for j)oih right and left 
haml lanks and for l«»lh inlet and exhaust valves, these being of difYercnl 
<lc.sigii and not interchangeable, llins nrd rc<nnrtng a difTorent marking 
svsteiii. All valves are marked starting from the timing gear end. No. 1 
valve being the outboard valve either inlet or exhaust or right or left. 
nr *’!-'* Indicatc.s whether the valve belongs to the right l^atik or left l)auk; 
the n<l(l-minibered valves bemg all U»catrr| outboar<l: an<l the cven- 
immbcrcd valves being all located iuhoard. To assist further in identifying 
the valves the valve housings arc stamped with the valve numbers on the 
upper face and immediately adjacent to the base of the valve sj^ring^s. 

To remove the valve it i,s necessary tu hobi the valve up against its seat 
fnun the inside of the cylinder and depress the valve storing iij^per collar 
after which tlic keys can he removed. This will enable removing the spring 
assemblies. After removing the valve springs tl>c valve lock ring just 
helnw the valve key rings can he pried out of p«»silion and the valve will 
then drop into the cylinder. In case the valve seats in the cylinder are 
f'itted, they should be reseated with a reaming tool and any valves W'hich 
'h«»w pitting on their scat.s should be trued up in a lathe or valve head 
grinder in the usual maJincr. It is very important when grinding the valves 
in to have the cylinder blocks placed in an inverted position with the valve 
stems hanging down so that the weight of the valve grinding tool will hold 
the valve on its seat. (See inslnicliotis in chapter on Liberty engine.s.) It 
very uiulesirablc to grind the valves in with the block resting on the 
bench and the valve stems horizontal a.'^ the tendency is to grind the valves 
in with the valve .stems cramiicd in their guides. The valves should be 
ground in the regular manner until both the valve and the scat show a good 
frost-1 ike appearance. The valve stems should he smoothed down with a 
lone or crocus cloth, if necessary. Whenever the exhaust valves have 
’ een removed they should be tested to <lc(crmtne whether the oil circulation 
' open. This can be accomplished by using compressed air introduced 
'luough the hole in the end of the valve stem and this should force a small 
uantity of oil out of the two small ludos at the side c^f the valve near the 
* 1 >. As .spare cylinders are shipi>ed wdth some shK'k to be removed cm the 
•live seal, after asscinblying the cylimlers to the valve housing, it is neces- 
<iry to use a reaming UhA |>ilotcd in the valve stem guide lo establish the 
rat preparatory to grinding. 
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Camshaft Timing Instructions.—The following notes are to he followc , 
in the event of rc-a.ssenihling the engine or in the replacement of any 
the parts affecting the camshaft timing. The stau<lar»i crankshaft positv. 
for timing the engine is with N*). 1 atHl No. r> left pi.stons at the neutr ' 
point. All gear markings arc In line or meshing In this position of ti •• 
crankshaft and on fore and aft lines. The starting point is to turn tli^ 
crankshaft to the neutral point for cylinders No. 1 and No. 6. (“Left hain! ’ 
refers to the engine when viewed from the rear or magneto end when UnA 
ing forward toward the propeller) With the crankshaft set in this posjtw^n 
it is now possible to assemble the gears correctly in the following order • 
Place the crankshaft gear on the crankshaft with the *‘0’* on the crankshaft 
gear in line with the *‘fV* <»n the crankshaft splinetl cxlcn.sion. Assoinhic 
the camshaft drive center gear as folhovs: On the model J.^•1.50() engjnr 
assemble the camshaft drive center gear with the tvv<» on the lower 

gear meshing with the “O’* on the crankshaft gear. On the model 2A-2.5rv) 
engine the *'0** on the crankshaft gear c«»nies at a ttwiih space ancl is lined 
up with a single <m the engaging l*H» 1 h of llie camshaft drive ecnnr 
gear. It is very important that this gear be assembled in this jinvitifai diie 
to llic fact that the d<mblc magneto (when used j is driven olT its upper end 

Rotate camshaft drive side lower gears in hearings sn that ''0*s** (»n lliv 
uf>]ier eml of theg'ears are to the rear and in a fore and aft line ami assemble 
in the case in this p<isltion. Assemble tbc camshaft drive side gear uppers 
as follows: On the model 2.A-1 ,.^00 engine asscinhlc tbc camshaft drive side 
gear upper with the tooth space enclosed hy two “0*s** in line with the 
centerline of the shaft and to the front side. On the iiiodcd 2A-2 mW) engine 
assemble with the tooth mark **0‘* on the gear in bne with the cciitcrlme 
of the shaft and on the front side. The camshaft drive side gear upjKT niuts 
arc marked “R** and “L” to designate “right** and “left.“ To obtain the 
correct alignment when assenibimg the.se gears it inav* be necessary in 
loosen the nuts holding the cylinder flanges to the crankcase, thereby per¬ 
mitting the shifting of the cylinder bhwk to the correct position. When 
the gear is in correct alignment it should he jH)ssih1c to feel the hackla^h 
in the lower gears hy taking h<d<l of the npjicr cml of the gear and moving 
it radially. When the final jMJsition has been <lc(erminc<l the cylinder liokl- 
down nuts should again be tightened. If camshaft gear has been removnl 
from itliaft, assemble gear to shaft (both being marked “R** or “L**) '>itU 
“O” on gear teeth astraddle “O” “L” or “O” **R” on camshaft flange. 

After the camshaft gear has been butted to the shaft the assembly c.ni 
be placed in the correct position as follows: On the iiiodcl 2A»1,5(X) engine 
])lace the assembly in the bearings iii such a p<isition that the “O’s" on thv 
camshaft drive side gear u|>per mesh with the *‘0*’ on the camshaft gea’* 
On the model 2,500 engine the two "OV’ arc on the camshaft gear an*! 
should mesh with the single “O** on the camshaft drive side gear uppci 
On the model 2A-2,500 engine attention is called to the fact that the nun ^ 
ings on the camshaft drive side gear upper and camshaft gear <lu not h^* 
up every revolution of the camshaft <lrive side gear upper due to the 
speed ratio of these two shafts. For this reason unless it is definitely kno" 
that the crankshaft is in neutral position for No. 6 left cylinder it is possil 
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' • assemble the pear with the marking meshing and be out of time. If 
Ire crankshaft position is not known the correct camshaft position can be 
Jii*cke<l by the fact that the marking on both camshaft drive siile gear up¬ 
pers should line up with the marks on both camshaft gears. This condition 
•joes not exist on the nmdcl 2A-1.S00 engine and if the camshaft drive side 
iTcar upper has not hern removed it is only necessary to rotate the crank- 
to a position which brings the Untih space enclosed by two *‘OV' in 
line with the centerline of the shaft and to the front side before assembling 
ihc camshaft gear. 

If it is necessary to install a now camshaft gear the correct relatimiship 
Willi camshaft must he determined and the timing mark added. This is 
Ticccssary tlue to the vernier adjustment provided hetwern gear and cam- 
sliiift to allow setting camshaft as close as |x*ssihle to the correct position, 
riie procctlure in this eveni is to follow the above instruct ions up to the 
|nmal of assemiding the camshaft, after which proceed as follows: As- 
>i*niblc left camshaft with gvar htose on shaft and rotate shaft until “0*' 
dc'^igiinted ‘’J-’* on flange is down and exactly in line wdth center of cam- 
'halt drive si<k* gear upper. This is the c<»rrect )»osilion of camshaft for 
irankshafl. Jiy trial determine txisituMi of gear rctpiiring least iimvcment 
• ►f cunishaft, if an>. to mc^li with iirevicuisly located camshaft drive side 
ecar njiper w ith holes in gear ami .-haft in line. With vemicr adjustment 
snjiplied the maximuTii crr<»r nee<l mit exceed two tlegrccs on crankshaft. 

After ga'ar poMlioii has been determined and bolted to the camshaft 
etch letter “O'* on camshaft gear iiM»th either side of tooth marked “O** 
'•u meshing gear. Also etch letter *’!/' on gear flange to distinguish “R*' 
frnrii **!..’* l•*oHow same method for nssrnihiing right hanil cam.shaft gear 
uith crankshaft in same pi»sitic»u. However, before marking gear check 
by rotating crankshaft fiO degrees in direction of rotation to neutral point 
for right block. If correct, rotate back to neutral point for left block and 
mark and “R*' on the gear. 

Distributor Timing (Battery Ignition).—The standard crankshaft post- 
lion for liming the distributor is with No. 1-L cylinder in firing pn.sition 
wuli full advance sjiark. The full arlvanee sjKirk M*ttiug for low compression 
I'Kluns on the model 2A-1..^>0 engine is 4<) degrees, and on the model 2A- 
engine the full a<lvance spark setting is 50 degrees. For high coin- 
ftession jiistons the ftdl advance sjiark setting is 35 degrees on Ihe model 
- A'l..^(X) engine and 44 degrees on the model 2A-2,500 engine. With the 
•'uiikshaft in this position the left <]istrtlmtor assembly including the gear 
' rea«(y to be assembled. Before a.ssciubling, the upper half of the tlislrihu- 
'■'T bo<ly .should be turned with reference to the lower half connicr-clock- 
•se, which is opiiosite the direclum of rotation of the distributor. 

Next, with the distributor in this position, turn the rot<jr .so that the 
•tor finger lines np with the forward dislrilnitor head hidcl-duwn clamp, 
'id <listribiitor head dowel which is the correct distributor relationship for 
ing No. 1 left cylinder fully advanced. With the distrihufor parts in this 
daiioiishi]). lower the assemhly into the housitig w*i(h the low* tension ter- 
nia] to the front and the red line .serthed on the inner hold-down slot on 
le distrihutor body lining up with the mark on the housing flange boss. 
' his is approximate and the screw's for holding the distributor down should 
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not he tightened until the breaking of the contacts is checked with wb: 
ever means, are available, for full advance iKjsition by rotating the low ^- 
half of distributor, slots being provided for this purpose. 

The as.semhly for this right distributor is exactly the same with t):** 
exception that the mark on the distributor hold*down flange should hre 
up with the mark on the housing outer boss. After the breaker in the rij>bi 
di.strlbiitor has been synchronized with the breaker in the left <listribmur 
and with both dislrilmtors in the full advance tjosilion against the siup, 
assemble the spark advance connecting rod. This connecliiig rod must 
adjusted to a length which will maintain the synchrouizatiiin obtained jne- 
viously. After the ri>d has been assembled place the distributors in the ad« 
vance ])osition by rotating the left distributor by means of the connection 
that carries the control back to the cockpit ami finally check the breaket 
in each distributor for synchrouizatinn. 

Due to the fact that the markN on both the distributor and camshaft 
drive side gear upi>cr housing are a<ldcd on the original assembly of the 
engine it is necessary when new parts arc used to add these marks after 
the correct liming posituiu has been deternimed. n*be pr4»ce<lurc for dclcr- 
mining these marks is as follows: With ilie gear ass«:]ul>led to the left dis* 
tributor rotate the upper half of the tiistribulor relative to the lower flangr 
portion coiinter*clockwise against the stop, also turning the rotor to line 
up with the front distributor head ho]<]-d<»wn clamp. In this po.sition as* 
scmble the unit to the housing tvilh the low tension terminal forward, still 
keeping the same relative |xisitiou of the parts. 

After tlie di^t^ibuto^ has been assembled, rotate the lower flange to 
obtain the correct spark advance on No. 1 left cylinder and after this is 
done scribe a line on both the <listribulor and housing boss for future use 
in re-assembling the engine. These marks should be about inch der]> 
an cl fd led with red load. The same procedure slunild be followed fc^r the 
right distributor excejit that the line should be scribed on Ibe oiilside Uo>s, 


Additional Tools—-Not Furnished 
Recornmencled n<|uipmetit for Base Rejiair Shops 

Camshaft Removal Clamp.—Two of these tools are re(|iiircd to hold the 
camshaft down in its bearings while the nuts arc being removed from the 
caps. 

Valve Reseating Tools.—These tools are necessary as the service cylin¬ 
ders do not have the valve scat machined in them, this operation being done 
after the cylinder is bolted to the valve housing. 

Camshaft Bearing Reaming Bar.—In assembling new hearings to the 
valve housing it is necessary to line ream these as the bearings furnishei) 
as spares are undersize. 

Main Bearing Reamers.—Either a reaming bar carrying individual Mai 
tell reamers for each bearing or a scraping mandel shoukl be provided 
use when new bearings are installed. With the use of Martell reamers an 
justed with great care to the pro|)er dimensions it i.s not necessary to >1 
any scraping. 

Valve Guide Reamers,—These are necessary in case cither new inh* 
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TOOLS FURNISHED IN TOOL KIT WITH ENGINE 


Mc»d<I 2A-1S00 Eneine 

^'filler Punch 
t oM Chisel 
ilaiiimer 
VliCfS 
I'unch 

SiH'W Driver 3* Rlade 
>. rew Driver 6" Blade 
Thirkne^^ Ga«cc 
\h»nl:c.v Wrench 

Douhle Kml Wrench 
'4" and otX'^unK 

15' Double End Wrench 
i'u* nnd K* openings 
15" IlnuUlc r.nd Wrciich 
•r and o|»en»ngs 

15" D.inl»le End Wrench 
It'rt* and 1* oi>emiiR< 

Spark Pliij? Wrench 

f vliinirr Ilnld-Oosvn Nnl Box Wrench 
t vliiidrr Hold-Down Nut Sitckci Wrench 
Uaiidle for Sockci Wrench 
Donhle End S*Kkd Wrench L-shap 
Omihle End Sockci Wrench T.-shape K" 
Ihujhir End Sfickei Wrench L-sha]w H* 
Sraket Wrench A" Nul 
Valve Hoiisinc Od Inlet Connect inn 

Wrench 

Valve SprldR Compressor 
Wafer Piimp Impeller Puller 
Wafer Pump Impeller Puller Serew 
Tappet Adiustinff W'rcnch fA") 

Tappet AdnistinR Wrench (H*) 

Propeller Huh W^rench for Oir^Tt F.nfrincs 


Model 2A-2500 Engine 
Coder Punch 
('old (liisci 
Hammer 
Phers 
Pimch 

Screwtlrivcr 3* Blade 
Scrcwtlnver (i* Blade 

Thickness Ciauec 
Monkey Wrench 

15* DiHihle Kn<l Wrench 
%" and A* cipeninit 
15* Iknilde Knd Wrench 
A' and oponinj?^ 

15* IViidde End Wrench 
> 4 * and H* openings 
Sparkpluit Wrench 

CyhiKicr llold-fXwn Nut Bnx Wrench 
Cylinder Hold-Down Nut StM*ket Wrench 
Handle fnr S»ickel Wrench % x \ ] 

Ihiuhlc End Socket Wrench L-shape 54" 
DtuiMc End Socket Wrench L-shape A*' 
Doiihle Knd Socket Wrench L-shape 
Socket Wrench W Nut 
V'alve HousIur Od Inlet Connection 
W’rcnch 

Valve Spring Compressor 
W’atcr Pump Impeller Puller 
W'aicr Pump Impeller Puller Screw 
Tappet Ad fust mg Wrench (A*) 

Tappet Adi list ing Wrench (K") 

Propeller Huh Wrench for Dirocl FiiRlne^ 


nr new exhaust jjiiidcs are Asscnibletl to the valve housitip, sufficient stock 
heitip left for reamini; to the rnial size after hciiifj pressed in place. “Go" 
and “no-jjo" pauses should also he jiroviiled. 

Camshaft Drive Side Gear Upper Bearing Reamer.—It is necessary to 
provide this reamer as this service hearing is undersize and the reamer is 
piloted from the lower hearing and therefore gives alignment between the 
dipper and lower hearings. 

Valve Grinding Universal Joint.—A universal joint is quite necessary 
ihic to the valve stein.s hciiig rather close lo the camshaft bearings. One 
< nd of this universal joint is attached to the valve and the other to a breast 
drill. 

Water Pump Shaft Aligning Bar.—When a new water pump housing 
'' installed it Is necessary to align the water pump shaft bearings with the 
Iriving gear hearing (which is formed integral with the rear main bearing 
■ ^P) ^>y means of an aligning bar fitting into the two bearings. After locat- 
the water pump in this fashion the dowel holes are drilled in the crank- 
ase upper half, these dowels definitely locating the water pump in correct 
dignment for future assembly and disassembly. 
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Starting Jaw Puller.—The starting jaw is provided with a 
twenty-thread tapped h<de and the puller supjiortlng the head 

the yi-iDch cap screw, should engage the roar face of the crankcase. 

Piston Pin Driver.—This drift is required to remove the piston pin frr 
the piston following removal of the snap ring retainers. 

Top Dead Center Gauge.—Thi.s gauge is screwe<l into a sparkplug opc’ 
ing and by a dial indicator determines the top dead center position of ri v 
piston. 

Reduction Gears.—Special gear etui bearing ])u11ers. 

Standard Types of Models 2A-1,500 and 2A'2,500 Engines 

Direct Engines.—llolh the models 2.^•1.5(X) aii<l 2A-2.50C) engines nro 
built in <Iirccl drive fcirm sniluldc f<»r “tractor** nr “pusher*’ inslallatin)i 
The direction of rotation of these engines is standard, that is to say. comi- 
tcr-clockwise facing the propeller end, thus requiring a standard right hand 
jmopcller for a tractor instidlatum. 

Geared Engines.—Both the nu«iols 2A-1.5Bt> and 2A-2„^00 engines ait 
built with a self-contained gear reduction tnaiinfucttircd by the Allison Kn* 
ginceriiig Company. Iiubunajiuhs, and ibese units give the billow mg gear 
reductions: 

2\.15U0 Mo<W\ 

T< P M i,i vriKior. 2tKin 

J< )•. .M. of i»n.|X‘IUT. lOl.*^ hll2 

In these gearecl engines the crankshaft turns in the standard direction 
.and .ns these arc sinijile spur ge;tr re<hirtioMs the propeller ttiras in the 
o|i]iosilc direction, that is (u suy. in a chn^kwise direction facing the jiroj^eh 
ler. thus ro<jninng a left-hand pro^Kdler for a tractor installation. These 
gear reduction units can be budilv rcnio\e<l from the engine hy taking olT 
the nuts and cap .screws at the front eiul of the engine where the g^ear re¬ 
duction is bolted to the vertical fini-'hed face <»f the crankca'^e. The crank¬ 
case is si>ecial for the geare<l engine ami is iu»l iiilerchungcablc with the 
direct dn\e crankcase owing to this Haiige construction 

l*hc rc<lnction gear is accurately line<l np with the crankshaft by means 
of two <lo\\cls as well as in the case of the mo<lcl 2A-2,500 engine a pilot 
fornie<l <ni the rear face of the reiluction gear Itonsnig. and great care should 
he used in assembling and disassembling at tins point to insure that the 
dowels arc in»t IcMisened or dainag^cd. A */f,i-inch Vellnmoi<l gasket is used 
between the crankcase and the reduction gear ami care should also he u.scd 
not to daiiiag^e this gasket in re-assemhling. The crankshaft on the g'eared 
engines is furnished with an integral flange nl the driving end and a driving 
tncinher with specially formeil teeth i.s bolted to this flange. The “hair-pm 
driving si)rings <tf the Allison flexible coutding engage these teeth, the pm • 
pose of the flexible couplings being to prevent impact loading of the gear 
reduction being traiisiuilled from the crankshaft to the gear rednclion. O ’ 
the geared engines the crankshaft is located by means of a flanged 
hearing at the propeller end. the crankshaft being allowed .0()4 inch to .CK* • 
inch end clearance in this hearing. 

Lubrication of Gear Reduction.—In order to .supply oil to luhricatc tl: 
gears and hearings of the gear reduction a special metering groove is pr 
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\ ided in the propeller end crankshaft hearing; upper half and oil under pre^- 
‘ urc flows from this ^jroove (hirinjj part of the revolution of the crankshaft 
(lircm^h a raclial hole in the crankshaft journal rei^istcrinf; with same. The 
rut] of the crankshaft is hollow and is plu^i^ed at the rear end and open 
.,1 ihe fnmt end tlirontjh a projecting sjnj;cil or jet. Oil is therefore inter- 
luittenllv forced out of the jet and into the interior of the hollow spur 
)inii<nis. Radial hides carry the oil thence to the ^ears and the various 
Lrarin);s. Oil returned from the reduction flows hack inUi the sump 
jtTid is rctunieil to the imtsitle oil lank hy means of either of the two scav- 
eiipni; pninjH in the regular way. The <»il |»reNSiire connection on 

(he iTcareil cii).fint* is located on the left forward side of the crankcase thus 
re^^istcrinfj the lowest j^rcssiire in the sv'^leni, as in the case of the direct 
drive cnjjines, 


Inspection of Gear Reductions.— The reduction ^car should not rcijiiire 
nnv attention hetwccii overhauls nf the en;;ine W'hen the ciiijine is tiver- 
Inniled the ^ear should he oiienecl. cleaned an<l inspected. The may he 
nuiioved as a romplcte unit from the en;*iiie lo reinoviii^ the nuts ami caji 
MTews which allaeh rt tc» the crankcase and oil tian. To opini the ^'car, 
‘•eparate the two liahes of the j:ear rase at the sjdii line. The driving 
pinion udl remain in the rear half of the ease and the projwlkT shaft will 
remain with the front case. 'I’he j»ears ami hearinjjs may he examined 
nnhout further disns*‘einld> I'or a more ihcunuj^h eNammation of the 
hearints or replacement <»f any iKirls reipiiriii)' disas>em!)ly of the hearings 
;iud gears from their shafts, such disasseiiddy should he carefully done with 
(he sfiecial tools designed for this jnir|H»se. these PmiIs con.sisling of special 
gear and hearing puller inunufactiired hy the Allison Engineering Coin jinny. 

If at anv tune it shoiihl l*e necessary ti> completely clisassenihle the gear. 
>;ieal care should he used in rc-asseiiil>hng to insure the hearings fitting 
M|uarcly on the shafts and that these hearings arc eonijdetcly luuuc. It is 
adiisahle to fit the t»n>jM‘ller slmfl gear so that the marked splines ciiincide 
and it is es.seutial that the junion gear shoulrl lie mounted acconling to the 
luarkefl .splines. This latter is c^'^enllal in or<ler to have the oil hides in 
the g'car register with tho'«e in the shaft. Ui»on the cmiiplclion of the pre* 
htumary lest tuii on a newly asscinhied engine, it is mlvisaldc to remove 
the gear and iiis)iecl il to see tlial il is clean unci free from metal chips or 
•*lher foreign pieces that luav ha\e gi»lteii into the engine ilunng assembly. 

Inverted Engines.—The model 2A-I.5IX) engine is also constructed in 
til invertcil form and dilTers ftfuti the standard ilireel ilrive engine in the 
allowing res[iccts: The cninkcuNC oil jiaii of the inverted engine is a simple 
’ asting^ mcrtdy serving as an i»il light cover. No uccessuncs or other fit- 
ings arc fa.stcned to this cover. See Kig. (W. 'I'hc tmrjjosc of this design 
’MS been to remove all jfo.ssiWc projections on the to]> of the engine so as to 
ivMst the plane designer in securing the hti^X jH^ssihle vision for the pilot, 
hhe standard water, oil and fuel pump is u.scd with certain modifications 
k*id is located low down at the rear end of the engine so as to in.sure correct 
nuctioning of the oil and water jmmjis at all times and insure that neither 
'•f these pumps fail due to lack of priming. A s|iecinl adapter casting aup- 
i^orled from the cr«inkca.se hy means of the four studs used in vertical en- 
rines in fastening the magneto or generator adapter is also braced to a 
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bracket extending; from the rear carburetor cross header. This adain* 
contains a vertical driveshaft with a spline drive at the upper end atul 
similar drive at the lower end enj^a^nng an extension of the water pim ^ 
driving shaft. The scavenging oil ptitn])s operate in conjunction with 
gear keyed to the water pump shaft, a.s with the .standard engines. A tin* ; 
scavenging pump is placed below and driven from the oil pressure piiinj , 
and (his auxiliary scavenging pump is use<l to scavenge the camshaft h<»uv 
iiig Clivers on a glide ns exjdained later. A coarse nicsh screen culin h 
surrounds the scavenging pump gear housing to prevent foreign particle* 
entering the rear scavenging pump. A standard form of fuel puiu]) can he 
used with the inverted engines. 

Lubricating System of Inverted Engine.—1'lie outlet from the exienuil 
oil tank is connected to the inlet of the oil pump in the usual manncT and 
the oil flows through the oil screen to the prevsnre pnmii. Oil i.s discharge^! 
from the t>rcssiirc tunnii either through the relief valve and thence hack 
to the *Vmt'' line or through a short hori/ontal and a long vertical tube 
j>rcssed intt> the ailapter casting to form a matched joint at the flang^e where 
this casting is hoUed to the crankcase with a short passage lea^ling to the 
horizontal oil pressure manifold Kicated in the Vee in the slandaril piisitioii. 
Oil is led to the inam hearings hy means of steel tubes jiressed in the trans¬ 
verse walls as in the vertical eiigniies ami the l)earing lubrication is arranged 
exactly as j»revi<uisly clcscribe<l. fill is led to the camshaft bearings by 
means of individual pij>es connected t<i the pressure line at the up]>cr end 
of the adu]»tcr and the camshaft lubricating system is exactly the same as 
in the case of the vertical engines. 

The scavengingor oil return system in the inverted engines is naturally 
<juite ditrercnt from that in the <lirect engines. 'l*he cninkeasc pni]»er i> 
drained hy means of an external oil manifohl locateil in the \'ce and seim- 
rately t>ipe<l to drains jiroviiled umler each crankcase transverse W'all. This 
manifold discharges to the for>var<l suction pump by means of matched 
passages provided in the accessory ada]i1er. At the front end of the crank¬ 
case |)ipcs arc pro\i<led at the hiwest iHiint to return oil to the cam-shaft 
housing covers. The rear main bearing wall of the crankca.'^c is j)rovided 
with two ;J4-inch tlrain holes at the lowest point in the \'ec so as to jienuil 
of oil also flowing down over the gear train. The timing gear shaft benr- 
ings, however, are indp|>endently lubricated as in the vertical engines, (bl 
flowing down at the rear end of the engine can either flow ihnmgh the boles 
])roviclcd in the wall to which the accus.sory drive atlujiter is bolted or can 
flow down the cain.shaft drive housings. In the former event the ()il floW' 
directly into the adapter housing and is scavenged by the rear scasengiug 
oil pump. Oil flowing d<nvn the cani.shaft dri\e housings, oil discharge ! 
from the camshaft bearings, ami als<i the t>il pumpeil through the exhaust 
valves collects in the camshaft housing covcr.s. These covers are drained 
by individual pipes at both the front ami rear ends. 

With the propeller end high, as in climhrng with a tractor installadou. 
the oil will flow to the rear end of the camshaft covers and then by shof 
pipes to the ada])tcr hou.sing where it will he scavenged by the rear o- 
pump. Oil collecting at the forwartl end of the valve housing covers flow¬ 
through pipes integrally mounted on each cover, thc.se pipes being joined 
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• ^Kfthcr by hose connections at the rear end connecting with a short pipe 
vliich communicates with the special suction ])mnp referred to above and 
Kiuuutc<l as an extensinn of the pressure nil pump. This piunp serves to 
ilrain the valve housing covers on a glide and the discharge from this siJccial 
f.uinp is carrie<l iijln the main discharge line by mraiis of an external yi- 
Tiich pipe. The main rlischarge line should be piped Ihrtnigh an oil cmder 
Mul hack to the oil lank iu the usual nuaiiner An oil “tnil” thermometer 
>h(>ul<l he loculv<l in the oil *‘ovit’’ line before it reaches the oil cooler. It 
will he noted that the combined water and oU pump is turned around 180 
iligrecs when mounted mi the inverted engine so that the oil strainer is 
l(Male<l on the right hand si<le and the pressure relief valve is at the rear 
iMid with the fuel pump on the left han<l side. 'I'he same oil tank vent is 
)jr<»vide<l on the crankcase bir uj'e on the invertecl engine as on the direct, 
)nil. of course, ap)>cars ou the right haiul si<le at the timings Rear eml. 

Water Circulating System of Inverted Engine.—'riie water punip on the 
inverted engine is located at the lowest point and is t>rovi<le<t with the same 
l\l»r of inlet conueclion a.s used on the direct engine, that is to say. cither 
an el how or a straight connection cun he supplied to receive a 2}^Hnch 
I, 1), huso. The water flows through the inverted engine, hf>\vevcr, in the 
reverse direction as compared w'lth the direct engine. Sh<»rt hi ►sc connec¬ 
tions connect the water ]minp outlet to similar inlets provideil on the special 
^;alII^ha^t drive lumsings. Water is forced through the cain.ihaft housings 
uikI into the individual cylinders through holes surrounding the exhaust 
]Kirts and llows around the jackets and out through the individual outlets 
lirovided on each cylinder to the water outlet manifold serving each bank. 
This manifold can he turned to deliser w.'iter at either the rear or f<jr- 
ward etui lull it is recomsneiHled that the water be discharged at the fnrw'urd 
end and he le<l into an expansion tank located above the engine to avoid 
any ]iossihility of steam pockets being formed in the system. Sjiecial pains 
should be use<l in the installation to prevent any }Hi.ssihilily of air or steam 
|M)cke(.^ being formed in the system a.s previously c.splatncd. 

Carburetion of Inverted Engine.—*The in>erted intKlel 2A-1.500 engines 
employ the same carburetors as used on the 1 A-1.500 engines, namely, the 
^'ironiberg nio<lcl NA-Y5 carburetors. 'I'he intake manifolds are of siiecial 

• Icsign to permit of the car])uretor being attached in the conventional man¬ 
ner and they are tirovided with exhaust-heated jackets which function in 
the same manner as in the vertical engines. The stan<lard settings for these 
'arhurclors ou this engine are as follows: 

ClKikc . W 

.Maui jet .N(». 4() drill 

Idle inctiTinje jrt ....No. 01 rlrill 
}t\\e air l»Wil .Sn 40 .Irill 

Water Outlet Thermometer.—In the case of the inverted engine it is 
necessary to provide fur a water outlet thermometer connection in the cx- 
'Husion tank an<l this shuuhl be hicatetl so as to receive the direct flow 
f water from the engine. 

Packard 24»Cylinder X Engine.*—An informative dtscussum on the Pack- 
•rd racing engine was jniblished in the July, l‘)28. S. //. /:. Journoi by I., 
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M- Woolson, aeronautical engineer for the Packard Motor Car Compaq 
and the information that follows has been taken from that article. Devt 
opment of the Packard X engine began about eight years ago. when yntwi 
plants for the dirigible Shenandoah were first being considered. It u. 
decificd tn use six-cylinder-in-linc engines, which were heavy. Original 
the Shenandoah was ec|iiippe<l with six engines, each deve]o])ing 3U0 brak 
liorsepowcr and each weighing approximately L2tX) pounds. The Mm^ 
2.S0() engine, rated at 800 horsejxjwer and weighing substantially the sam- 
as the foregiiing 300 horscjuiwer engine, was being developed at (be tun. 








Tneki 

Ljun(t\4n| tMt A 





Fig. 704.^11 lustration Showing Packard X Engine Mounted in Lieut. At Williams* 
Racing Seaplane. Note Method of Building Engine Into Fuselage Structure. 


the Shenandoah was wrecked. With a conservative rating of CiX) horM*- 
power, it would have cut down the powerplant weight aii|)roxini:4(€l% <‘iu*- 
half. Comparing the present Packard N engine with the five engines u>C‘l 
on the Shenandoah during most of her flights, it weighs appniximalcix 
l.SOO pounds, develops nppr<»ximatcly 1„V)0 hi»rsepinver. and coulti linvc 
reydaced all five of the fijrmer engines at ajiproximolely 25 per cent of (lunr 
ctnnbined weight. 

The engine borrowed from the Navy Department and used by Lieut. 
Alford J. Williams, for obtaining flight experience and for powerni^ 

the sjjccial plane in which he tried to win the world s speetl recf*rd, wa.s nr *1 
equipped with a supercharger. The nnsupercharged engine dcvelopC'j 
1,250 horsepower at 2.7.50 r.p.m. an<l weighed slightly less than 
pounds. During the %V) hours of oy»eration to which this engine was sn’ 
jeeted, mijstly at racing syieed. at no time was mechanical trouble cx)h'>' 
enced or adjustments of any kind made. Tt is planned to substitute ih 
superebarged engine in the ydanc later, it being obvious that the s|)ced wi^i 
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n^cTcby be constclerabty increased. The engine develops about 1(50 horsc- 
i^ciwcr per square fof>t of frontal area which is remarkably small, as can be 
soen by referrinjj lo front view at 705 A and H. 

IDurtiig the last year or two, aviation authorities have been prone to 
overlook basic requirements of jKiwerplant.s in respect to their frontal are*a. 
U is a fact that a 200 horsepower radial air-cooled ciii^inc cowled into a 
I allin plane makes a very excellent combination. The projectinff cylinders 
lit this ease do not constitute such a fjrave a<hlittonal resistance as they 
>MHild in the ease of a fiisclajtc of smaller diniciiMous. On the other hand, 
i\ JtK) ho^^epovvtT engine is nuturally limited as t<i tbc load which it can be 
i \peeled to carry. 'I'lie record—.set. Mr. WooImmi believes, by the late Mrs. 
(ii ayson in a certain iliijhl—amounted t(» (i.fXK) jHmntK per en^dne or a load¬ 
ing of about 30 pounds per horse|>o\vcr which he thinks is a world's record 
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705A.«PropeUer End of Pickard X 24-Cyhnder Water-Cooled Enpne. B—Anti- 

Propeller End Showing Ignition Distributors. 


f''r planes outside id the lij'ht-plane class. Applying this same ratio to the 
I’ackard X-lype cnj*iiHN it shoubl be capable of takinj^ into the air a plane 
"ci^diinp 45.000 poumls. which is larger than anything yet built using only 
'►lie engine. Small radial air-cooled engines are very well adapted for mod¬ 
erate loads; but, as the demand grows for heavier load.s and higher speeds, 
much larger engines will be required, and they must be suitable for well- 
‘'ireamlined fuselages, as is imperative in racing planes, as .shown at Fig, 
"•^4. which shows a Navy exjjcrimental racer that made over 300 miles per 
liour with a tv heel lauding gear replacing the pontixms or seaplane floats 
•hown in the illustration. 

The cylinder construction used, a.s shown at Fig. 70S. has been typical 
“f Packard aircraft engines for several years. The cylinders arc built-up 
from steel forgings welded together, with all welds arranged so as to be 
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subjected to no excessive alternating stresses. The novel features of tli • 
cylinder desi^ lie in the fact that the valve seats are entirely surrountlrr* 
by water and that water space is provided ab(>ve the combustion-chain!^v, 
and below the tup plate of the cylinder. The cylinder-head is thercfoi* 
ejttremely ripid, resisting deflection and assurini; the tnaximiim intej^nt 
of valve seats. The valve ]Kjrts arc machined integrally with Ihc cyliiulci 
head and are not welded thereto ns in the case of the Liberty enj^ine cvlin 
der. The water jacket is wrapped around the cylinder, thus re<|tiinng a 
•sinjjle vertical wdclcd scam. The bore of the X-tyjic enjjine is 5^ inclu ' 
and the stroke is five inches. 



Pig:. 705C.—Three-Quarter View of Packard 24-Cylinder X Engine Viewed iroin 

Propeller End. 

The relative arraiiKCincnt of the valve housing; and water inlet and w 
haust pa.ssaj^cs is cinilrary to coinentional practice. While there are 
valves per cylinder, two inlet and two exhaust, they are arranjjcd in pan> 
Athwart.sliip, rather than un a loni^iiudinal axis as is usual. The reasons f<n 
this construction arc. first, to secure a simple valve-mechanism w'iib -i 
single camshaft to operate all the valvc.s of each bank of cylinders; second, 
because the valve-housing casting is con.siderahly simplified by this ar 
rangenicnt and it is j)os.sihlc to Siamese th' inlet and exhaust ports, resin*' 
tiveiy. of u<1jaceiit cylinders, thus minimising the number of separating 
walls re(|uircd in the casting. 

The jjiston design shown in F’ig. 706 incorporates extremely short skirt^' 
the ovcr*«all length of the pistons being 3.164 inches for a diameter of 5.3/.* 
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inches. These compact pistons materially assist in reducing the over*alI 
Itcight of the engine, and they have proved very satisfactory during several 
vears of service o]K*r«aii(m in other Packard engines. The fuel lines were 
<ie.sigiie<l with the idea of reclucing the fire hazard to the ininiimun. They 
ooiisist of one-piece annealed copper pipes having im hr.azcd or soldere<l 
liftings or flaring operations. Al all important |Kiin(H drop*forge<l-KtceI 
liUings arc provided, with integral **olivcs** or protecting sleeves to ])rcvent 
rubber particles from entering the gasoline lines, and each line is enclosed 
Ml a one-piece rubber bosc extending fnnn one fitting to another, hose 
clamps being provided al fre([iieiit intervals .so that, even if u gasoline line 
siunild break, no external leakage of fuel \\uitl<l result. 



lock 

spring 


Pig. 706.<—Packard X Engine Alloy Piston Hat Eitremely Short Skirts, the Length 
Being Only About Three-f^ths or 60 Per Cent of the Diameter. 

The battery ignition distributors are shown al>(» at the right in Fig, 
7o$ 1b iuntr tvvelvc-cyliiiiler <listributors uf conventional design arc used, 
each distributor being wired to two of the f<nir banks of cylinders. Each 
nlindcr is firovnled with two sparkplugs, making a total of 48, and a high 
*»rdcr of ignition rcliahility is thus oldained. The oil. fuel and water puin)> 
assembly is shown in the lower |Kirtioii of the view at I'ig. 705 E. 1'he ver¬ 
tical pi])e at the rear of the engine constitute.*? the high-i)ressure oil-supply 
hne: a branch to the left .suj>plies the inaiu-bcaring oil manifohl al reduced 
)‘ressure. The pro|>ellcr end of the engine i.s .shown al Fig. 703 A and a 
ihree^uarler assembly view is given at Fig. 70S. 

QUESTIONS FOR KEVIF.W 

1. What type of cylinder conMruciioti is xuvd on Packard Aviaiuni riigiiifs? 

2. Describe Packard crank cast constrnctwm 

Whai are the Hdvaniages of the I'ack.ird v?ilve Iiousimk'- 

4. How are Packard exhaust valves ciMilvd' 

5 Describe Packard oiling syKtvni 

6. What types of i^niuoh systems are provided with Packard engines? 
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Econozny an Important Factor—Future Engine Development—Prophets are Somt- 
times WronS'^The Junkers Aviation Engines—A.D.C. 300-330 HP. Nimbus 
Engine^Mercedes-Benr Type D 11a Engine—Beardmore Six-Cylinder Engine— 
The B.M.W. Va Aero Engine—B.M.W. VI Engine—Lorraine W Type Engine— 
Panhard Sleeve Valve Type 12L Engine—Rolls-Boyce F Type Aero Engine- 
Rolls-Royce Condor III A Aero Engine—New Series Renault Motors—Salmson 
Water-Cooled Radial Engines—Napier-Lion Aero Engine—Napier ^Xub" Aerr> 
Engine—Fiat ASS Racing Engine—Usotta-Fraschini Vee Type. 

Economy an Important Factor.—'Phe modern idca^^ (d aviation h^w 
l>ronijhl ll)o (|nc?»tum of ecomuTiy more and incjro into the f^irej^round and 
led to a shar]} dilTerentintum iK'luecn nulitary and roinnuTcial airplanes 
While, in ihc case id military airplanes, iij) to KKI per cent of the oiiijiat 
(d the cn^hie.s is utilizeil. in onler 1 m meet the demands made mi the inn- 
chiiic, fnily that percenta^jc of the inaNimum en^nc nntpnt shcmld he jna<le 
use of as normal output for eomniercial machines, n.s is pemn.ssildc from 
the slnnd[)Mint of relmhilily and erononiy. For commercial airplanes the 
tUinnal output <d any enpnc type should ho ahoiil 5n t<» (>() j»er cent id the 
nuiNimuni outimt, lon^f life of the en.i'itic, rcliahihty, a lar^e proiilaMr 
useful load, ^rcat radius of action, ainl thus als<» ecemomy heiiiff allalncil 
It is only then possible to htnid cimimercial airplanes, the ceiling of which 
is sufTicieiit to carry out fli^lit.s in all weal her and to attain altitudes, ni 
which the atmospheric and wind coiulitions arc more fnvoralde. It is also 
ve^y ini]Jortant for the rcliahilily of the plane that the entwine jnnvcv i'* 
divided into several units for larpc jdanes for loii^»‘-<hslaiKe flii.rhls. With 
such ])lanes it must he jHissihle not onlv to keep in tlie air at low altitudes, 
lull also to reach reasonaldt altitudes, oven when one, or, iii the ciise oi 
the very lar);e planes, two or more cinjincs Wreak <losvn. It i'* a special I > 
jjreat a<!vantage for iriulli-etigined planes to have engines with a norinal 
output <d 50 to 60 per cent cd the ina.simum 4»ut]nil. as the eiigine can. 
without ilanger, ln' Used with an output of 120 to 125 per cent of the 
normal output. 

In order 1 (j aehieve the greatest ikjssiMc output with a certain prcdi* 
termiiUHl cylinder capacity, the eoinpressioii ratio would have t<i We m 
creased to the utinosi limit. For this pnrin*se. however, it is essential tlnU 
the fuel is improved, because, as the very licst material is just good ciion^l 
for the m ami fact lire of aero-engincs, only the very West fuel shouhl Wv 
used for driving them. It is inctirrect to hold the engine experts and stcc» 
s])ecialists alone rcsjHinsihlc for ]>rogress in this line. The fuel spociah>i^ 
must also do their bit in the developnient of the engines. One niusl (an ' 
can) demand from the fuel producers that they are not satisfied simp)' 
to utilize the pmgress made in aviation for increasing their turnovers, hm 
that they also take an active part iii the dcvcloimicnl id snitahle fuel* 
The principle should l>e, to make such iuiprovcinetils that fuels vaporizing. 
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rjt low temperatures can also be msc<1 for with compression ratios 

lip to ten, without knuckiiifj. At present, it is alrearly possible to improve 
iiicls to such a decree hy adding a suitable proportion of benzol or s])ecial 
• anti-knock*’ dope that no kiuirkinsT «H*cnrs with a c<nnj»ression of 7.3:1. 

When fuels arc pnxlnccd which do not cause ktiockinpf with high and 
liiffliesl compression ratios, these ratios slnnihl lie eiiiidoyrd as standard 
for aerti-ciigiucs. and engines with low onnpression ratios shouhl only be 
laiill for sjieeini cases, when anti-kncK*k fuels arc not procuralilc. 

Future Engine Development.—'rumiiig in»w i<i |H»sMbk future develop¬ 
ments it may be of interest to siicculale toward wbnl direction progress in 
aircraft engines will lend. JV^iblcms to be solved in this fiehl are well 
known and consist largely of detailed inijinivcmcnls intended to yield 
lighter and more reliable engines that wiU l>e more cciniomieal with respect 
bulb to first cost and to operation and tnahitenance. Although much ex¬ 
perimental cd'ort in engine <levelopniciit is being'ciniliuually directo<) along' 
uncoil vent ioual lines, siicb as tbe barrel ami cam types, and eng'incs em- 
pliOing' the Ibesel or semi-l)eisel cvek*. It is reuMHutble to believe that 


• luring' the next few } ears i in ]h •riant a<lvaiices will In* made by convent it mal 
tweivc-cybtidrr water-cisded engines and by iiuie-c\ liiiclcr lixed-radial air- 
cfioled engines, the Uvi» ivjies that <ilTcr tlie Iwst possibilities for immediate 
engineering advance ainl vt here very Ingli iKosers arc reipiircd from a 
Miig'le iiioti»r the X form of J4 cylinders, the \V form of eighteen cylinders 
ami the double bankc<l uiiie-CN Imder or eighteen-c> limter rmlial air-cooled 


engines are all ])<»ssibihtics that have alrca<ly been reabxeil in experimental 


iy()es. 

It is reasonable to liKik forward to basing asailublc in the near rntiire 
engines ibal will w<'igh aUuit one pound j)er h«»rscp<uver conijiletely 
e•|lnp[led and, concurrently with this de\ elojuneul. considerable efTijrl will 
mulMufdedly be <lcv4dc<l toward reducing' (he specific fuel-consumption. 
b'<ir it should be borne in mind that an engine weighing one pound per 
hnr.sejiower vmII. at the iiresenl rale of fuel-coiisuiiiinioM, consume its own 
neiglit tif fuel every two hours, looped fuels and higher c<uupressiniis 
will make possible higher power outputs for a given cylinder displace- 
tnent. iulhyl-gas is said l«> ihtiiiiI the nse of jiressures up to 130 pounds 
per K(|uarc inch Iwfore ignition without risk of prciualure ignition or 
dcl<malum after ignition. Tbe compression limit with aviation gasoline 
IS about 110 to 1 JO |MUinds. so a 25 per cent increase in mean efTeclive pres- 
Mire is possible without ebaugmg engine designs other than augmenting 
Ole conipressiim and increading' j^lreiiglh of iritis to withstand angincnteil 
Stresses produce<l by increased explosion prt.ssnres. 

Sfuiic of the latest develo]jinents in connection with high-speed oil 
engines in England were bared at a session of tbe British Association for 
the Advancement <»i Science, at which a jiapcr on the .subject wa.s read by 

E. L. Chorlton, of W. Ueardmore & Co., Ltd. Mr. Chorlton said that 
for aircraft purposes an oil engine must <lcvelop ,1 brake mean effective 
pressure of at least 100 |>ounds per square inch, and 120 pounds is pref¬ 
erable. It is therefore necessary to utilize practically alt of the air enter¬ 
ing the cylin<(er for the ctmihustion of fuel. The relative amount <if excess 
air passing through the engine also has an important effect on the economy. 
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While the fuel sj)rny must ccunpletcly iHTiueatc and penetrate the ap 
charge, there must be intcrfiTencc, and this makes it necessary ii 
consider wKcIIkt it is better to use a single s]>ray jet or several, and i)) 
the case of a single jet. whelher it is best to moiint it in the center of tin 
head ur elsewhere. A miinlKT of difTerent jets in a single combustion* 
chamber assure quick combustion, but there is danger of interference. 

After cxtcn<led cxjUTimenls, \Vm, beanbncire & Cu. developed a satis- 
facti^ry engine of tlie heavy oil type, and some results obtained with it weie 
given in an Institute <t( Mechaiueal X{ugiiieers pajier in March. 1^126. in 
the tests then reported the engine was shown to have a S]>ceiKc 

consumption of 0,35 of a pound per brake 1iorse|HAver In air. Since thai 
time further im]*rovciucut.s have been made, and recently a fuel consump¬ 
tion figure of 0 32 of a jiound \>vt brake h'lrsepower Imur was reached, with 
an cight-cylmder engint of 8*^5 inch l»»irc and twelve inch stroke, develop¬ 
ing 650 liorscpowcT at I.OiX) This is equivalent to a thermal efii- 

cicncy of 40 )ht cent, 'riic eugdne structure is in a single ca>ling. an<l it 
sled is used the vveigdit is 4.6U0 |>oinid.s. while with aluTiunuMi it is 
pounds. 'J'he weight horsepower ratio of about si.\ poniwls jicr horst- 
power would seem U> be a disadvantage even considering the low fuel con 
suiii)>lion. Idle Packard Motor t*ar <'o. of I>ctr«*il have recently an- 
nounced a mnc-cyhncler ra<lial Diesel engine lhal weighs but lliree pmin<K 
per horseiMOver but the eugiuc was not readv ftir the market as late as 
March. 1929. 


Prophets are Sometimes Wrong.~ The way that changing condition^ 
in any new industry will change the thought of those connected wilh ii 
they gather experience can be well dlusiralcd by the way some early 
predictions have failed lo work out and aKo illustrates tlie clangers of 
prophecy on the ]irinte<l j>agc. An blngbsli aiiatiou eiiguie aiithorlly. 
writing in 1016, said: “We have dealt i>rinciiiall\ with engines of UK) 
horsepower but engines of 2fXI horstqMover are lu comuuin use and in the 
near future we may expect still more iMUverfnl engnnes—)>robably the diiy 
of the 1,CX)0 Iu»rsc|wiwer airplane engdne is close at hand,” He was nglii 
in hi.s predictiem in tlial statement anyway. He goes <»n to say. “One is 
frequently asked to state w'hich tyi»c of engine will survive, and the sin- 
or twelve- or eighteen-cylinder vertiraMn-line type will most likely come 


out on top. The radial and rotary tvjie have too tmich wdiid surface ex¬ 
posed and have as a rule, to Ik* jdaccxl in front of the pilot; the Vec engim 
is not an attractive mechanical i»rf»posilioii an<l the a<lvaii(age gained lo 
the reduction in engine length i.s jiarlly discounleci by the incrcasc<l w idlli 
and other disabilities mcnticme<l prevhiii.sly. 'I'he use of ball bca^ing'^ for 
main engine bearings is a doubtful advantage. The alxilithm of the 
pump with its attendant drive aii<l pipes may also be one of the future 
developments in design. In the matter of piste ms tlie ca.st iron article 
holds a prominent place in spile of the introduction of alumiiiuni alloy 
The overhead eamshaft is not in favor as it introduces ucw' troubles 


add to other misfortunes." 

Analyzing this opinhm in the light of our present knowledge gives som* 
rather amusing results. We have no twelve-cylinder in-line aviation cii 
g^ne.s and an eighteen-cylinder installation would cull for a forwardl.' 
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'•xtcndinf^ eng’ine mounting almost as long as our present rearwarcUy 
. ^tending airplane fuselage, not to mention the designing and c<mstnicti<Mi 
incidental tt» the fal'Hcation of an cightccii-throw crankshaft 
v\hich wouM have to run in from Ion to nineteen main lM*arings. Our 
l^ropliet ^vas >vay off in that l>clicf. He was a]M» wrong in his jircdiction 
(hat Vee engines would not 1)c nsed liecause they were too whle. nnist 
engines of the water-ciK»Ie<l forms with riKire than six cylinders are twelve- 
i vlnnler Vee tytH\s and the fact that width is in»t the factor hut that engine 
length must he kefit to the tninimnm is proved hy the use of twelve-cylinder 
an<l cightcen-cy hfider \V tyim.s. 

*rhe disadvantage he <|notc<l of radial ami rotary motors having too 
much wind surface csjiosed did result in doing away w’ith rotary engines 
which were didicull u> cowl hut the main factors that di<l result lu doing 
away with rotary radial cylinder engines was the limited speed of rotation 
of about 1,250 r.p.m.: the fact that it introduced gyr(»scoi>ic forces alTecting 
control and the hahit these engines had of tUrouing Imrut castor oil into 
the propeller slipstream and all over (he jiilot ami airplane structure. The 
greatly increasing use of static radial engines in nine-eylimler forms up 
if* fiOO hc»r.sepinver and in don hie hank or cighleeii-rylimler forms up to 
1 .(KK) horse) K»wer shows that a )iroticr study i»f fuselage ft inn ami engine 
cr>nloig pernnts the nh*tlcni airplane designer to use a wide and short 
fuselage so streamlinetl that its resistance is actually less than the longer, 
jiitciinaicd, narrow sectitm fuselages of the curlier time. Most radial 
engines and some in-line and Vve and W lyjics use hall and roller hearings 
N cry ii<l> anlageoiisly fi»r crankshaft su)))>t»rt. so our prophet was wrong tn 
that maUer. The use of aluminum fustons is now general and engines 
using cast iron or steel t>ist(ms would Ih: a mwclty. Most aviation engines 

tfie six-cylnulcr in-line and practically all \'ec ami W engines use 
overhead eainshafls in the exclusion id other means of valve aclualinu and 
no great tfruililc has resulted. 1‘nially. after <wer twelve years of added 
csperieucc since thv ]»rediclion was made, no one has had the courage to 
<*hminiite the fill iium)» and Its attendant drive and pi|)es! JCxjtcrts of to¬ 
day may he cjuile ^^rnng Inmornov. 

As regar<ls engine )d.icing in front of the pilot, which was not so 
''Jtlisfactory to the early jirophet when r«)lary engines were installed with 
dieir oily exhaust hUnvn hack in the slipstream. niLKlern practice, as a 
c»{ changed comlilions, has ma<le the forward mounting i»f the engine 
general practice and most julol.s (»f eN)ier»encc actually ]>refcr to sit hack 
of the engine rather than in fr<int or iincler it. Modern clcsigners believe 
<11 the slightly nr»se heavy plane and the placing of the engine at the front 
of the fuselage isr<nnnxon jjraclice and lUhrr locations, when a single engine 
'' n*<ed, arc the exceptions that i»rovc the rule. It will he apixarent that a 
motor location that was consklcred a disadvantage in 1dl6 is now tmjmlar. 
*iud the radial cylinder engine, which was not in favor because it had much 
''iirfacc cxposc<l tc» the wind, has utilized this surface to c<mi1 the engine 
nstead of having mi|)j dement ary exjuiscd surfaces, such as water radiators, 
•o (hi it, thus greatly saving weight and reducing mechanical complication. 
I'he discovery that a fuselage having the shape of an el<mgate<l egg had 
less resistance than a long fish shaiK* showexl that hy proper cowling of 
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the engine employing a wide fuselage, providing it had a good lengU 
l)readth ratio, made it ]H>ssih1e to install radial engines and Vec or \\ 
types more advatitageonsly than long in-line engines could he placed. 

The Junkers Aviation Engines.—The Junkers L5, a six-cylinder wate* 
cooled in-lnic engine has received considerahlc pnhlicity l>ccause it nin<ii 
the first successful Atlantic crossing from Hast to West as tlte powet 
plant of the Junkers all nK*ta! monoiJanc. the Hremen, The plane !\as a si>an 
60 feet and a total length of 35.78 fei*l. while the overall heijiht is ten :ni.i 
one-half feel. l>oth (he fuselage and the wings have a c<»veriug of corni- 
gale<l <]Mra]uinin. Without ]oa<l the machine weighs ]>oiinds and tfir 



Fig. 707.—The Junkers L5 Six-Cylinder Water-Cooled Type Used in “Bremen” Air¬ 
plane, First to Make Westward Paaaage Over Atlantic. 

initial load carried hy the plane was 5.150 pounds or 170 per cent of the 
weight of the machine. The liremcii is similar in design to machines hiiih 
hy tlie Junkers Works for jiasscngcr and mail services. The stock m« 
chiue.< are ecpiippcd with fitiats f<»r landing on the water, hut in the traiis- 
A than tic jdane the.se were rejdaced hy the ordinary tvheelcd landing gear 
The commercial machines have a hold with a cubical content of 57 5 
cubic feet. In the Hremen this space was used chiefly ftir additional fo<* 
tanks. There are also fuel tanks inside the wings and there is a large oi! 
tank at the side of the engine. Whereas in the ordinary planes the pilots 
eompurtnients arc open, in the Bremen it is inclosed hy sheets of celkm. 

'rhe engine of the Bremen shown at Fig. 707 is the Junkers Model L. • 
a sIx-cyliiulcT vertical watrrHNMdvd type with a horc of 160 and a str<ikv 
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if 190 millimeters (6.30 by 7.501iichcK). It has a compression ratio of 5.5 and 
ilevciops 280 horsc|H»vvcT at 1,*KK> hiuI MO horsf)Mi\vor nl 1.550 r.p.m. The 
vvfjjjlU of the uiipine dry is |smucls. or 2.47 jMJiind.s per horsepower on 
the basis of the normal rating. I^isl siunnKT, in preparation for the west¬ 
ward trans-Atlantic from Germany, a s|>ccial concrete starlinij track 

was hnilt at Dessau. This enabled the Bremen in gel into the air with 
a total weight of 8.050 ixniiuls after running along the track for distances 
carving between 1,800 and 2.100 feet. As the plane left the track the 
I'ligfne turned over at 1.440 r.p.m. An altitude of 150 feet was reached in 
•lie and one-half ininittes. and 300 feet in three miniites. after which the 
engine >vas throttled down, but the idane contiiuicd tii rise oven when the 
>peed w as reilnced tti ns low as 1.280 r.jMn. 



Fif. 70B,~View at A Shows Propeller End of the Junkers L55 Aircraft Engine. 

Anti-Propeller End Showing Carburetor, Ignition Magnetos and Water Pump 

Assembly. 

The cylinders of the Junkers engine are i»f steel with steel water jackets 
attached thereto bv autogenous weldingand in details of valve arrangement 
and .ictualicin it is pat(enif<l wry closely after the original Mercedes design 
which was the ancestor of many modern engines. The method of cylinder 
o<mstruction is clearly outlined in the cha]>ler on the Lila*rty motor as is 
the metluKl of valve actuation and camshaft drive. This engine may he 
obtained with a compression ratio of seven to one for use with special fuels 
and will deliver 350 h<irseiK>wer at 1.500 r.p.m. with that high coinpres.sion. 
i'he engine is built for direct drive propeller. The lubricating system is 
the circulating forced luhricatinn type. A dual carburetor is used, this 
being joined to a straight tyjie manifold by two branches, as shown at 
rig. 707, This type of engine Icnd.s itself to easy installation in the air¬ 
plane fuselage and is a very su1)stantial and simple engineering job, .Un¬ 
fortunately, the limitations imposed by length make it undesirable to use 
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much larger cylinders and ol>tain more jMnvcr so these forms will l)c fouiif 
worke<l <Hit 1<j the Iwst advantages in designs where the jKiwer requin 
meats range lietwccn 150 and 400 horMqniwcr. 



Pig. 709.—'A Shows Junkers l^SS (German) Engine Side View Looking at Propeller 
End. B Is a Direct Side View with Supercharger Installed. 


When more jMnver is re<|uire(l. the cuinliiualinn tif two Kanks of cyhn- 
ders to form a Ivv elvfcyliiidcr Vee engine is resorted to l»y j>ractically fih 
builders of large water-cooled engines in the ix>\ver range between 400 ami 
800 h<jrsei)owcr. The Junkers L55 engine, which is shown at Figs. 708 
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A and B and 709 A may l>e rnnsidert*d a tyi>lca! standard desig^n that has 
received wide applicalion. This desipn is alsi> made with a supercharjjer as 
>li<*\vii at 70*) B. 'Die .sj»ecificntions nf the InnWoTs 1-55 aern entwines 

I'ollnw : 

SrF.nVK ATMlNS -Jt'NKr.RS 1.55 KNCJINK 
finite] <if rnitini : vrriicat slntKniMry A wnlcr-ronlcil. wilhniit ro<Ii«rCuin eciir 


Outpm at UW) T<V\I . 

i oinfirr^NHiii .. 

Ne^niinl dnratioir tniirnM I44i]» N P M 

Ti'iiiijor.irv imMiiitiiii nininii .it 

1520 R r M. 

Maximum fevnUitian niimitcr. 

WerKlit <lry widiuut huh, air screw and cs 

lmu9t'Ui4UiI*>ld. 

Wcijslil id hull ... .... 

and nnuihcr nf i’yliii.liTN 

|l<»Tr . 

Sin»Le . . 

.\rr.niBcuivtii <d vjdM* 

t'amshafi drive .. . 

NitiiilH'r Ilf v.ilvv'* in t.uli cytinder 
l.enuiti iiviT ait (williniit liiilo . . . 
TTvitflit liver :iU . . .. 

llreadlli over ull. 

T^nitiori .. . 

Sparkmtf pliu*-. 

t ixilinB . 

t.i\1>ricaiiutf . 

Tui I roiiminipiuin . 

Oil cim<iiiii|)lii«i . 


5rtl lip. 


1 5 

1 5.5 

1 7 


5.50 

(•no 

^05 


hOO 


700 

Hp. 


1520 IM* \|. 

S7() kir 

17.0 kg. 

li ohudern m Vet* at Ml* 

IMt mill 
l*Xi iMin 

Overhead eamdiafi with rocker*^ 

}\y vx-rtii.il %hafl 
2 

1777 iMin. 

127.1 niin 
h40 111(11 

2 magneiiis Itndi td* 12 m Soinidin 

liN 12/1) 

1lu*»e1» V 12 12 C (rt- vdra 
Wilier vimk'd cyUii<l<T*( 
t’ir«'iilaling forced luUric.ation 
220 2.t0 gr/Mp. h. 

15 gr/Hp h. 


A. D. C. 300/330 Horsepower Nimbus En^ne.—Thu npjiearance of this 
ilUistraled at Figfs. 710 and 711 follows rather closely that of the 
2iU horsc|H)wcr Suldeley J'litna. l»nt otherwise there is little similarity 
.IS Oil fn|rnn. ilcparts materially in the clesign of all the |»rim*li>al conipo- 
iicnt parts. Of six-cylinder In-line vs^atcr-ciKiled type, the Nindnis has a 
sli|>litly larjtvr capaviiy than the Pinna, the cylimicr horu heintj 152 
milllnieUTs and the stroke 1**0 miHimeUTs; the compression ratio has heen 
raised to 5.4 to I. The brake mean effective pressure is high, i.c.. around 
1.^2 pounds. Tn comparison the dry weigfht of the Nimints is ten pounds less 
than that of the i'uina. the w*eight per horsepoyver heini* two pounds as 
2.66 pounds per horsepower for the Puma—a very marked advance. 
The Nimbus enfjfne may he retjardecl as the liRhlcst of its type yet pnsluced. 

Constructionally the Nimhns differs very consi<lcral>Iy from the Puma, 
althonjfh it is designed to fit the same cn|;inc hearers. The steel cylinder 
liners puss throuyth the hotlom of the water-jacket blocks, one of which is 
shown at Fig'. 712, a neat gland arrangement being provided for making 
i water-tight joint- A sjdit locking ring of phosphor bronze is threaded to 
correspond u'ilh the threads on the cylinder liner, a steel strap tightened 
by a tangential bolt forcing the threads home, and a rubber ring, on lieing 
compressed, making a tight joint l>ctwecn cylinder and jacket as shown 
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at Fig. 675 A. At tlie to\>, the cylinder liners are seciired to the cylindei 
head castings by the valve seatings. which arc of special design an*I 
splined on the inside for the special to<.l used h»r screwing them home a* 
shown at Fig. 7\^ II. 'l*he water jackets arc in the fi>rm of two alutniiiuiii 
castings, each jacket eiulosnig three cylinders. At the tup the water 
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jackets are secured Xu the cylhider heads tiy a numher of holts, the faces 
(»f jackets and heads being ninchined to make a light joint. The cylinder 
heads, in addition to leaving a large water sjkicc around the hottest parts 
of the engine, are particularly open castings, so that during manufacture 
ins|>cction is greatly facilitated and machining operations arc reduced to 
II mini mum. As in the Pinna there arc three valves per cylinder, one large 
inlet valve and two exhaust valves. 'I'hc inlet valves are operaie<l hy short 



Fig. 711.—Propeller End View of "Nimbut" Aircraft Motor at A. Anti-Propeller End 

of ADC “Nimbus" Engine Shown at B. 

rockers, while the exhaust vaKes are <*perated directly from tlie overhead 
camshaft. 'I'lic valve stems have hern c»»nsiderahly leuglhcncd so as to 
give riHnn for longer valve springs^ tlu* lift of the valves being rather 
greater than in the Puma. 

Aluminum ant>y pistoii.s cd new design are cinjih*yed, and alllurngh they 
are of larger diameter, they arc actnally lighter than the original. 1‘his 
a 1st) applies to tUher recIjiriMraling jKirts which, in spite (»f the greater 
power developed, are lighter than those of the original engine. The over¬ 
head valve gear remains sul)stautia11y the same as ihat of the Puma. I'he 
connecting nxls arc of the .same ty|>c a.s those <»f the original engine, but 
arc of slightly different dimensions. The crankshaft is of a heavier type 
than that employed in the Puma engine. The induction system is a i)ar- 
liciilarly simjile one, wIlU two carburetors feeding three cyllmliT.s each. 
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Fif. 712.—Photographi Showing Structural DeUlla of ADC “Nimbut” Engine. 
Cylinder Head Shown at Top and Caat Alloy Water Jacket Group for Three Cylinders 
Below it. Other Viewa Show Inlet and Exhauat Valve Conitructlon, and Cylinder 
Shell or Sleeve, Piaton and Connecting Rod and WHatpin. 
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The nhjcctivej^ attained in the design nf the Niinhus engine may be 
tabulated as follows: 

1. Laiv Per )1 orscpoxvcr^Tu'o 

Actually the Nimbus is the lightest engine uf its type ever produced. 

2. Lmv Petrol Conauutption: 

During the Air Ministry lyfie test (ivlhcially observed by A.J.D.) 
the Nimbus engine demonstrated a jihenoinenally low combined 
petrol and oil consumptinn which, the makers have reason to believe, 
cnnstliiites a low figtirc riTonl for any engine run on an Air Ministry 
type test. 



locking 
flinQS ^ 
m Phee. 


Alloy 

Wafer 

Jacket 


Steel/ 

Cylinder 

Sectiori 
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Bolts 
Head a 


Two Piece 

Threaded _ 

Sec+iorn^ 

Clamping ^ 

Pmg damp Scr^ 


^ Special Tool for 

'Groove for screwing in 
Clomp Ring Valve Seat Plug 


Fig. 713.««-Sketche$ Shewt.ig Method of Holding Cylinders of **Kimhus" Engine to 
Crankcase and Water Jacket to Cylinder at A. B Showa Valve Seat Plugs Holding 

Cylinder to the Head. 


.k Miniutittn Head AV.fr.^/aJ^^c; 

As shown in ilUistration. 

4. £cuy InstallaHou: 

Interchange.ible with the Puma engine. 

5. High P.fficicnry and HcliabHity: 

Demonstrated during Air Ministry ty|>o test and hundreds of hours* 

running in the air and on the bench. 

Endurance jkiwlt was remarkably dciiumslrateil by ibu engine, svhich, 
after completing the type lest, ran for one hour at full throttle and maxi¬ 
mum r.p.m., i.c., 1,600. At the commencement of the latter run the engine 
was giving 327.S which improved until the engine was finally holding 335.6 
brake horsepower at the end of the hour. A further hour was run at 1,680 
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rp.m. as a high speed test to demoiisiralc the overload capacity of the 
hearings and valve gear. The slow running test averaged 300 r.p.m. over 
ten minutes running. 

SPECIFICATION 

Type. Si\ cyliuder, vertical, direct drive 

Cooling. Water 

Bore. J52 mm. 

Stroke . . . 190 iiiTTL 

Normal KPM (45CI 

Maximum RPM . . . K4I0 

Normal B-llp..Ul5 at 14.^ 1< P.M. 

Maxinuiiii U.Ilp ... ... at R P.M. 

iVti4»l voiisuni]Mh>ti ai .IU5 Blip at 1450 .52 \Kr hp li<»ur 

R 1* M. hlers ikt iip luiur 

<»r .40 Ihh. }icr hp funir 

.222 ks ])er ])p hour 

iVtrol OMMsmnpiimi nlini ai 270 .51 piiitv per lip. Untr 

lip al 1450 R PM.28^ lUerN t>er hp hiur 

or .48 Ih^ |KT lip hour 
.218 kp per hp hour 

Oil conMinipliMM. .017 pmi' (.00** liters) i»er hp. 

hour 

Cojuprev^Niii RaUti. 54:1 

Wciuhl (lr> ti'iiruph'le with aiiM'tvw iHr^v. t»70 phis or umimi^ 10 lU. 

hvit inimi> radi.iior ami i\ateri . (.t04 plus cir imini'> 4 55 ku ) 

Air Ministry Tyf»f Trst (nllieially observed liy A.I.D.). 

'I'hc Nitnhus engine has passed the Air Muuslrs l> pe le<t Ontslainl- 
ing features dciinmstrnted hy the engine during this e.Htcudcd niniiiiig on 
the type test nere as follovv.s: 

Average petrol consumption ilnrlng t\po test al ^'inlh.s power, viz: J7(l 
horsci>owcr at 1.450 rp.in.: 

.505 pints i»r .474 Ihs. ) jicr horsojinwcr 
.28f) liters or J14 hg. ) hour. 

Average nil con.snnii>lioii during tyjK* lest at ]«iwer, viz: 270 

horsepower at 1.450 r.p.m.: 

.017 pints or .010 ll)s. )per horse) kiwct 
. 009 liters or .008 kg. > liour. 

Mercedes-Benz Type Dlla Engine.—This is a six-cylindcr water- 
cooled engine of 120 horscjnincr and is clwirly shown at J*’igs. 714 A ainl U. 
In accordance with the re<|uiren)cnt.s with which this engine has lo comidy 
on accounl of its piir|His<*s, the malerials employed in its c<»nslriK*liun arc 
of the highest <|iiality and sithmitted to the nu»st severe tests, prior to 
their use. The dc.sign of this engine, in which are embodied the results i»f 
several decades of practical experience, guarantees the highest possible 
degree of reliability, with a minimum of maintenance, in spite of its ex¬ 
treme sini])iicity of working and supervision. 

The upper and the lower halves of the crankcase are made of aluminum. 
The chrome nickel steel cranksliaft runs in four white metal bearings. The 
six steel cylinders of 125 millimeter Ik ire and 150 niillinietcr stroke are mountc<l 
vertically in pairs on the crankcase. Water jackets are welded on. In each 
of the cylinder heads, directly over the aluminum ])istuns, are htted a 
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of inverted vertical chrome steel valves for each cylinder, which are op¬ 
erated by overhead camshaft. 'J'he camshaft is driven from the crankshaft 
ihrough bevel gears and an intermediate shaft, which also drives, through 
hevel gears, two “liosch** magneto ignition sets. Two plugs per cylinder 
are (Uted. The magneto ignition sets arc provided with hand controlled 
timing and are adjusted for advanced ignition by spring tension. The 
water pump and tlic oil puni]) are also driven from the crankshaft through 
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the Carburetor Side of the Same Engine. 
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tlic iDtermediary <>f u vertical secondary shaft Ihroii^jh bevel and helicfl! 
gears respectively. The centrifugal jmmp maintains a continuous circula¬ 
tion ciMiling water ihnmgh the/*>limler jaciscts and through the heating: 
jacket of llu* "MiTvedcs-ilciiz” douldc carlnirctor towards the radiator. 'Phi 
carburetor is fitted with a <lcvice fi»r automatic adjustment of the supjd\ 
<'f a<hliti<inal air. The oil pump is fuicd iii the hwvcst part of the crankcasi* 
and forces a continuous su|>)>ly i»f fresh oil to the main crank.shaft hcaring> 
the b(g-eiifl bearings, the gudgeon pins and tlie cninshufl bearings, while 
the lubrication of the pistons is efleoled ]*\ splash. The oil winch flc»w'* 
back into the crankcase Is filiered and returns t(» the pump. An oil level 
regulating pump wdiich works in c<»nncctii*n with the oil circulation putii}i 
adjusts autoinalically the proper level of the lubricant m the crankcase, 
wliicfi can be ascertained by means i«f a c<ick and of a glass level gauge, 
'rhe engine Is started by means of a ‘‘I’osch** starter magmelt>, Tlu* 
fuel is fed into ibe carburetor under jircssure by a small recljirocaling air 
pump which is fitted alxive the vertical secondary shaft and <lriven by the 
latter. I’lie jirincipal dimensious and figures of performance arc indi¬ 
cated bv the table below; 


sr»K(:u'ic\Ti<)\s- 

NiiinliiT r.f v^lMnli rv 

1*01 i* ..... ... 

Strokf. 

I*.i|i5ii*hy of cyJii«Vrs 

Ixiivlh. 

Wullli . 

IfiMKhi . 

Normal mnoliir m 1 molatioiis 

Ibcflll p'WiT. 

Uwfiil power for an aiimisphcru' 
loirt coiisuinpdoii iier lll'-hoiir 
ild vonmnneiioii ]H*r HI*-lioiir 
Ury vstikIU of tin* engine 
WeiKlu <»f pnjpcHcr hoss 

W.iUt rapacity. 

(Id vaparttv. 


MFNCKl>KS nr.NZ on 

.0 

t25 mm. 
t.SO mm. 
11,(145 ccm. 
1*1.^ mm 
51)0 mm 
I (50 mm. 
(4511 
130 Up. 
l.Vi Hp. 
ZtO cranPi 
15 crams 
J(H) kilos 

4 kik«s 

10 hliTS 
6 liters 


tlciisity i*( 1 25 . . 


Beardmore Six-Cylinder Engine.—While it xs imt jiossible in a book of 
this character to <lcscribe all kiuwvii aviation engine.s, a recent Hrili.sli tyi>c 
is noteworthy in that it is an eslremely large cylinder high-powered tyi»r. 
It is said to be one of the largest aircraft p<nvcrplants yet constructed and 
is a six-cylimicr form as illuslrated at I'ig. 71S. The cylinders are inch 
bore ancl twelve inch stroke with a compressuui rati*> of 5.25 to 1. The drs 
engine weight is given at 2.150 pounds. The overall length of the unit i> 
80.3 inches wdlh a maxinuun width of 35 inches, while the overall height is 
60.37 inches, with a t<»tal height above the center-line of the crankshaft of 
45.25 inclios, and a maximum depth t<i the lowest point l^elow the crank¬ 
shaft center of 15.12 inches. The engine is water cooled an<l a circulating 
ininii> is fitted. The ignition .system is in <luplicate, and two magnetos arc 
ctnjiloyed. As iUusir.ited. the engine is designed for a left-hand tractor- 
type propeller running at a normal speed of from 1.220 to 1.3S0 r.p.m. 
accor<ling to the power it is de.sirwl to develop. 
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Fig. 715.—Sect!wial Views of Beardmorc (English) SU-Cylinder Aircraft Engine, Rated at 950 Horsepower. 854 Inch Bore and 12 Inch 

Stroke, the Largest Sia-Cylinder Type to be Built lor Aviation Use. 
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In ijcllini; on I the new floijjn the <*l>ject in view was to <lcvelop as hipl« 
a power as jinsMljlc in a few cyUmlers. ll was al.sc» scmjjhl to reduce ilu* 
nunihcr of engine parl.s wlule r^laiiiin^j the inaxiniinu acccssibiHty. Av 
outbtaiKln^fT feature <»f the engine is its cninpaci and dean outline, whirl! 
enahles it to l»c jn>lallc(l in a very iiarr«»w fusclatjc. therchy reducing con¬ 
siderably the aiiitiunt of head reNi>iaiu*c which woulil )>e offered hy ar^ 
engine either of the rn<lia! <»r the \*ee tyi>e. 'I’hc crankcase, which is ina<h 
in alunilnutii, forms the main engine Ixidy. It incloses the crankshaft and 
its hearings, which are carried «ni transverse girders, while llic camsliaft j*. 
accoiiinuMlnted in the Ui]i part of the casing At tlie level of ilic crank^liafl. 
the body is swelled <nU to give great lateral strength to the crankcase ahiMii 
the crankshaft, aucl perinil of direct connection to the engine hearer-., 
while tindcTMcalh there is a leinovahio oil snii>[j. Access to the working 
parts is given hy iiispeetiiiii <hH»rs, which are lilted to each CNlin<ler, 
on either side i»f the crankcase, (’tiinder liners of thin sled are inserted 
into tlie upper ]>art of the casing, and are .sn]t]M»rtcd hoth at the top face 
and hy a I«iwer ring, which incloM's ilie ciHihng water space 

It will he seeti that the cylitnler head and valve gear form a sepaiate 
unit, which Is readilv dctacliahle. hor each cvhinler there are two eNhan-.t 

# 4 

ami (w<» imhietioii Nalves wlnih are operalcil through rocker levers hv 
short push rolls. As shown in the left-hand cylinder sccUon, twin spaik 
))higs are lilted in the crown id the cvlindcr head and arc well ciH)le<). 
The same illn.stration shows the end gcarcn.se inclosing^ the gear drive from 
the crankshaft. 'I'hc ciinisliatl. it will Ik' seen, is driven hy a scries of 
iutennedinte gears, which in turn are usually einploved t<» drive various 
nccesM»ries mounted ou the end case. 'I'his casing', with its attachments, 
is so tiesigiied that it can lie reniovcfl from the engine in a few in unites while 
each nccesM»rv can, when reipiired, he i|iiickly detached, ‘rhe varioii' 
auxiliary futiugs referred to. include, heshles the twt» iiiagiielos. the liihn 
eating oil pressure ami suction pumps, the circulating water and fuel 
pumps, as w'ell as a gas dislrihulor. and gun gear, when the engdne is 
designed for use iu a military machine. At the hottoiu of the gcarcasc 
there arc duple.'C hiliricating oil filter.** on Imlh the jMesKure and suction 
sides of the oil system. The filters are pr«*vided with ehaug'e-^iViT valve-, 
so that cither can \k denned while the engine is running. 

Brief reference may Ik* made to the luhnrnting' .system. Od is delivered 
under pressure to the main hearings, and passes hy menus of drilled jias* 
sages to the hig ends, after which it is taken up to the pi.slon pins throiigdi 
luhiilnr coiiiicclioiis. which are strai»p(‘<! to llie wehs of the steel coiinei ling 
rods. A hollow piston pin. w ith closed ends, is used. 'Pile pist<m is made 
of forged ancl machined aluminum, and is fitted with three piston rings and 
one scraper ring. All of the wheels have ground teeth, and am()lc hihrica* 
tion is provided hy the oil, which returns from the pressure-fed camshaft 
bearings. 

^'he engine described was fitted with a ^7 millimeter Zenith twin carbu¬ 
retor, which works together with an induction .system, that has been cv<dvcil 
as the result of considerable experituenta! work. The test results given 
below apply to the engdne fitted with this carluiretor, hut a superior pe^" 
foruiance which approximates more ch»scly to the standard type of cnguic 
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is ^iven whcu a 120 millinicter carlfurftor is filtecl. 

TEST RESULTS 


SprcH, >t»a4l anil (Hiwcr FucLcoiKumptioii 





Avrnigr 

Pounds 

R.RM. 

Pnimrts 

B.Hp. 

furl u.'wl 

l»cr D.Hp. 




IHT hr. jTih 

Iimir 

1221) 

710 

7>2 

44 22 

0 MiS 

1221) 

7»i5 

K»K 

SI 

0 4H 

i.tso 

84.1 

949 

(i.V7.^ 

IJSI2 


The BMW Va Aero>Engine.—'Hus is a six<ylimlcr. watcr-cooktl en« 
^nuc and represents an mipruvcci fnriu n{ ihc BMW JV. with increased 
ailpiit. rdialiilily and ilurnlnhly. In desijjniinf this cn^nne sjiecial care was 
taken that it cmtld I)C insiaUed in any )danc in place nf the UMW IV, 
\>ttliout (liOiculty. As in all <ithcr BMW acTu^engincK, the principle u( the 

Overheed velve feer 



Pig. 716.»Carburetor Side of BMW Va (German) Sia-CyUnder Aircraft Engine. 

ovcr-diniciisiimcd, high compress uni allitmle engine is apjdicd Ut the l^MW 
Va. The .side view of the eng^ine is shown at Eig;. 716 and a rear i»r anti- 
propeller end view is given al Eig. 717. Sjiecial care was taken to produce 
u reliable crank.shaft assembly. The crankshaft is therefore specially well 
<liniensiuTicd and has proved its ahsulnte reliahility in test runs id several 
hundred hours at an average continuous output of 350 liurse|H>wer. As a 
result of the dimensions of the crankshaft assembly, it is ]K>sdible to nm 
the BMW Va engine at the maximum output (now called the 'liighest per¬ 
missible output'*) not iiiily fiir a few minute.s. as was the case with all 
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J3MW engines up till now, l)nt (or an hour, if necessary. This fact was 
pnived during the type test, which iiKliided five hours running at tlu* 
highest [lermissihlc fjutpul. with a continiKitis nin of ftnir hours. 

Instead of the usual thrust ball ))eariug. the UMW Va is filled with a 
piaiu hearing fi»r taking up the pro^Kdlcr thriiM. This iiuprifvenieut lias 
jjfovecl e.*ilrcfnely advantageous and after several hundred hours <jf ver\ 
heavy running on the test l>ed no .signs of undue wear could he found 
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Fig. 717^AnthPropeUer Bud View of BMW Va Six-Cylinder Engine Showing 

Magneto Drive, AM Fuel Pumpa and Water Pump. 

although the propeller thrust is much heavier on the test bed than when the 
engine is installed in the plane. The arrangcmerit of the plain thrust 
hearing makes it possible to provide a fl«angc propeller 1h>ss, which has 
many great advantages in comparison to the conical Ikisscs. For one 
thing, the boss can never seize, as is so often the case with conical hosses. 
For this engine, the specially designed HMW Iki.ss can !>c use<l. The l>oss 
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driving Range is shown at Fig. 716. Another advantage in comparison to 
1 he BMW IV engine is the coiiling of the oil by means of the cold mixture. 
A special eccentric pump turns the oil in the sump m the lower part of 
ihe crankcase al>out twice in the miiutle and hirces it tlir<mgh a jacket 
surrounding the inducliim pipes, between the carburetor and the engine, 
the oil transferring its heat to the c<il<l mixture. For planes which arc 
ill fended for use in specially hot regions, an additional oil cooler can be 
fitted in the oil pi]nng, iK'hiiul the heating jackets on the intake pipes. 

The new centrifugal drum oil cleaner greatly increases the rcliahility 
of the engine, a.s all dirt and foreign mailer is rcimived from the oil. This 
oil cleaner is fitted in the hollow magneto-bracket on the carlnirct^ir side of 
the engine and the <lriim can be taken out and cleaned by sitnj)ly removing 
ihc cover, which is lixed by four screws. In view c»t tbc great reliability 
and durability of ibe BMW IV type of cylinders, the same type, with 
seseral .sinall iinprc»vemenls. which experience has shown t<» I'e necessary 
or advisable, is used f<ir the BMW Va. These .'flight impnjvemcnls, taken 
as a wluile, have led to an encjrnums impnivcment in the rnnning period 
)ich\een overhauls. 'I'he BMW l\' tyi>e of valve actuation has been 
a<lapled to the BMW Va, as the use of r*K*kers and springs which arc 
always accessible greatly simplifies the ujikeep of the jiarts in ipicstion. 
f'or this reason, this .sysieni is just as popular ns the trually enclosed type. 
Certain improvements liave al.sc» been made in the fixture of the camshaft 
casing, so that the strain on the IkjHs is very small. At the same lime, a 
further advantage is incor|M»rateil in this impr<»veTnent as the cylinders 
are interchangeable, and the supt»r>rting surfaces for the camshaft casing 
can l>e ground to exactly the same height for all cylinders. 

'fhe vertical driving shaft for the valve gearing is made from one piece 
with the driving ])iniou, the gear for the auxiliary drives ancl the worm 
wheel Utr the distrihutor of the com)>rcssed air starter. This .shaft runs in 
plain hearings. Any displacement of the tlrlving gear i.s thus <|uite iiu- 
1 possible aiwl the use of plain lH.*arings, necessary as a result of the shaft 
an<l the various gears Ixdng manufactured in one ]»iecc, results in a very 
much more exa^t and ijuict running than is the case with roller bearings. 
I'he ningnclo drive has been greatly improved by the use double ball 
bearings for the driving gears and of the Bo.sch clastic rubber couplings. 
At the same time, a new Itosch magneto tyjie “G.F-6'* is used. In this 
new magneto, the armature ]>o1cs, the coils and the interrupter remain 
''tationary, and only a light sleeve for c<mducttng and interrupting the 
lilies of force revolves. 'I'he momentum of the rotating parts is thus ex¬ 
tremely .small and the variations in the tonpie of the engine and the tor¬ 
sional vibrations of the crankshaft cause <in1y very slight strains on the 
magneto drive, due tii inertia forces. If one lake.s the fact into considera- 
ti<m that the torsional vibrations of the crankshaft ;irc very sinall as a 
result of the ample dimensions of the same it is evident that these im¬ 
provements in the magneto drive lead to a cimsiderable increase in the 
reliability of the engine in general. An inijirovement was also made in 
the distributor for the compres.se<l air starter, which, up till now, rotated 
continually with the engine and had to ])t lubricated. The new BMW 
distributor is connected Xu the drive only when it is under pressure, and 
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as soon as the compressed air is turned nfF after startiuj; the engine* the dis¬ 
tributor and its drive disengage auUmiatically. Only Zenith carburetors are 
now used, principally because this type is s<i much in use in Europe. In 
case of troubles, skilled mechanics, wh(» know the Zenith carburelois 
thoroughly, can be found at cver\* flying ground and spares and rcplaccineni 
parts can also be procured, so that the a<loption of this type of carburetor 
is a great advantage for all users of the BMW engines. 

1'hus. all the e.\])erience of I he pa.st few years and all the suggest 
ma<le, although in many cases n«Jl vital, but nevertheless iinporUnl to a 
certain degree, are ineurporati'd in ihi.s new engine. 
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BMW VI Engine.—The BMW \*l airplane engine shnwn at Tigs. 
ancl 71** is a waler-coolctl twelve-cylinder engine, with tw<» cyhntlci* bal- 
tcries inclined at an angle of 60 degrees hi the usual Vee form. 1 he nuiu) 
construcUtmal principles of this engine are the s.ime as those of the famous 
BMW Ilia and BMW 1\'. which were such a remarkable success m ihr 
Civil Air Service. The princijde of the oversized, high-compression en¬ 
gine, realized b»r the first tijnu by the B.'tycrischc Motoren Werke in then 
BMW lIJa engine, has also l>een applietl to this type—to a much greater 
degree than in former types, in fact. The transmission parts are so dimen¬ 
sioned that it is iHissibic t<» use the full maximum power at sea level for 
a short time, so that the greatest possible out^mt is at the disposal of the 
pilot for the start. The surfaces i>f all bearings are so tiitiiensiuned tlnU 
will) a continuous output of MX) to 550 horseiH>\\er. which varies according 
to the ignition and va|M>rizing qualities of the fuel used, the greatest relia¬ 
bility and durability is insured. On the other hand, also, when the max*' 
mum output is used for a .short time, there is no danger overloading tm’ 
bearing!*. These great advantages arc attained, in the first place, b> 
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lines 


Fig. 718.— Side View o( BMW VI Twelve-Cylinder Aircrift Motor, TypicAl of German 

•«Vee" Engine Detign. 

))rc)viilin^ roller Ijcarin^s for \\w roils, spcciul aUeiUion bciuK 1^^"^ 

In the develojimcMi tif the shuk*. 'Die l»MW |l1^u*n nsl roller has 

liecn so iHTfcclctl that it can now he reijnnied as the ntost insensitive and 
inexpensive hearing in use. 'J'hc euffinc may he obtained with i>r with- 
iiul rednelion Rear. 

ICach engine is .sn|>]dici] ready f<»r service with two niapiefos, circulation 
innnp. oil ptiui]). rcvfdntlon indicator clrive, alonH;>'er an<t the lM|iinR^ on the 
enpne itself. The hdlowiiiR^ c<pii|)ineiil is alsi» supplied: pri»pellcr boss. 



Fig. 719.—Side View of BMW VI with Farman Reduction Gear Inctalled. 
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one set of special tools, starter magneto (Ixiostcr) with change-over switch, 
and fuel strainer. 

It is possible to drive the following nnxiliary niechanism. wliich can \>v 
supplied, if required, at an extra charge:—J)yiiam<» for W/l'.. lighting and 
heating. AM fuel pumps. Conipre.ssecl air starter. Jlaml turning gear 
or eleclric starter. Inertia starter. As fuel pumps, two AM jnnnps are 
supplied, which arc so dimeiisumed that even if one ]nimp is out of action 
the other still supplies the engine with .stifTicient fuel. As this pump is 
very popular on French and German aviation engines a scctuuial view of 
the pump is given at Fig. 720. '('he pumping clement is a sylphon or 
metallic bellows ineml>er, guided hy sleeve inside of which the return 
sjiring and operating jdiinger are hiitised. The jdunger h.'is a ring at llu* 
end that encircles the operating eccentric. The stroke can be varied bv 
suitable mechanism. 


CONSTRICTION A L DAf A A.S’D WRIGHTS 
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manifold: 


WitUont reduction gear, ainniinnm . 

Witlumt rc<lnction Rc:ir. inagiu'^imn . 

Wilh rc<liic(ron |^<ir. alumiiiuui . 

Willi re<luction irear, maRiicstuin . 

Weigh I of propeller Ih*ss. {r>r cn^iH* with rctluction K«^ir 

witiHini reduction genr 
Wutrr contents id engine . 

wi ciiiha . . . 

.So5 kik»s 
4<»0 “ 

,S.«1 “ 

48X “ 

115 “ 
12(1 “ 

|CJ »• 

<11 IK Ihs ) 
(1015 “ > 
(117d •• ) 

(1075 “ ) 
<25d '• ) 

(27 7 ” ) 
(410 •• > 
(13.2 “ ) 

Dhnensinns of packing case: 


Jf'ithflNt rerf. 4/rar 

U'iifi 

rctl iirttr 

I^*nglh . 

2 

nicicrs (7K(»') 

2.1 meters (82,n*) 

lireadth . 

l«i (41.7“ 1 

l.(K» 

(41.7') 

Height 

144 • (5(.h“) 

1 44 

(5»i0“) 

Grc«s weight of engriic. packed 

in case 

: MO kilos (1842 11>s.) 875 kilos (D2.^ Ihs.) 

HMW 

VI ?.3 

UMW VI 7.3 7. 

BMW VI 6.3 

JIMW VT ^5 

e= 

:?.3 

B-7 A 

E • 6.1 

Es-5 s 

BMW 


7«DUh 

MMW <\irh. 

BMW ( siS 

MAXIMUM OUTPUT . . Hp. 

700 

800 

640 

600 

Revs, of crankshaft p.ni . 

155(» 

17CXI 

is.k) 

m\ 

Revs, of propeller p.m. w'ith 





rednciioii gear . 

97IJ 

KKiO 

055 

040 

Average continuous outinit 





allowable*) . 


5(10 

500 

.500 

Revs, of crankshaft p.m. 

I.WO 

1455 

1410 

1410 

Revs, of propeller p.m. with 





reduction gear . 

K70 

oin 

882 

882 
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WEIGHTS OF AUXILIARIES 


Drive for W.T. dyiumn 

Compressed air pump set. 

AM pimip bd. 

Cninpressed air starlrr with 2 filled air fia^kN, >uniciciU 

for sUflKliC 2(1 iMHCs. 

Uristol starter, ccnitplcte with fuel laiiL. hui willhnil 

fuel. 

Hand tiirnint; y,vnr, UMW type: 

with hand starter nuenetu, tuck, crank . 

w'ithoui hand starter niaKitelo, imd. cran .. 

Electric Starter: 

Type "Fannan." with liatlery and dyiuiiN» 

Type ^'KcIipmV w'ilhont luttiery and ts it hunt dy nantu 

Haticry fur wmie. 

IiUTiia Starter: 

"Arruinarinc.” with hand drive . 

'*l*Ichtisc,” with li:ind drive. .. . 

"Kclipv," with hand and electfu* drive, wnlmm 

hsittciy . 

haiicry fur same. 


107 kilos (4.55 lbs) 


M.i 

(24K 

") 

8-9.1 

(19.7 

•') 

.1165 

«A5 

'•) 

25 .W 

(.Vj.2 

'•) 

O.l 

r2ii,5 

") 

n7 

(14.75 

•') 

.18 5 

(84.5 

") 

17.55 

(.18,6 

■■) 

19.5 

(4.1 

") 

18.1 

(40 4 

" \ 

1175 

(25 K 

'•) 

15 5 

f.W2 

) 

16 

(151 

■') 


*) Thf ftveraRe ranomiouv W Im l($t t|wH t€. 4 tn K; 

ulini: i<i 111* <jii.ilii> •»! ih« lui M, iIh h 4 Iiub tlHi t. thr uuUi|» 

. llUhiU’ <SIU] hMiaUr 



Fif. 720.^The A.M. Fuel Pump Sectional View Showt Metal Bellowt of Sylphon Type 
Uied with Varioue French end Gernun Aircraft Bnginet to Supply Carburetore. 
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Lorraine W Type Engines.—The S<>ck*lc Lorraine built two water- 
cooled mcitors having the W arrangement iti cyliiulors. The twelve cylin 
der type shown at Fig. 721 is rated at 450 CV. It may he obtained either 
as a geared lyj>e itsing the Lorraine jdanetary reduction gear or with direct 
drive propeller. The direct drive type weighs 395 kilograms with all acces¬ 
sories, the geared type weighs 428 kil<»grauis fully c<^nipped. The cylinders 
arc 120 millimeter bore and 180 millimeter stroke. The cylinders are assem 
hied ill groups of two though they arc made separately and each two cylin- 
<lcr5 have a common water jacket <if steel welded iu jdacc. 'I'wo valves arc 



Fig. 721.—Propeller End View of Lorraine (French) Twelve-Cylinder W Type 

Aviation Engine Rated at 450 CV. 


used per cyluuler, each valve having three valve spring>. 'riie cnin.shafi 
is the nsuul t*vt*rhcad type tarriecl in nhnuiniim bousing as in the Liberty 
engine. \^a!ve actiiati<»n is similar. Each rocker arm is carried l>y tlircc 
hearings .ami cover plates give easy access to the housing iiiteruff. 1 he 
motor crankcase of ahiiniiium divided <mi the horizontal center Hnc of the 


crank.shaft, the three main bc.irings for the .shaft being formed by upper 
and lower halves of the crankcase. The crankshaft is of alloy steel. 'I he 
carburetor system includes two Zenith carbiirclors, one having a single 
mixing chamber and (ceiling only one set of four cylinders, the other i> 
a double outlet form and feeds two banks of cylinders. IVo AM tyj'c 
fuel pumps are placed at the rear of the magneto drive gears. Twm twelve- 
cylinder magnetos arc used fur ignition. The oil circulation is by a Irijdc 
oscillating plunger pump, the two outer plungers .serving as sucti<m ineni- 
hers to draw oil from a separate tank and force it to the main bearing> 
and to passages in the cranksh,ifl. The oil also is fcil to the camshaft 
hmisings to lubricate the cams and rocker arms and then returns to the 
crankcase. The center plunger of the pump is the scavenging member. 
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The motor is slarlcd Uy a cArlnirrtc<l air starter. The use of a recliiction 
^car permits ihu engine lo luni at l/XK) r.p.in. while the air propeller turns 
at r.p.m. 

An cigluecn-cyliiulcr W iiiolnr is shown at 722. In tins en¬ 
gine the cvlin(U•r^ arc arnitigetl in three hanks of si.x, caeh cylinder heiiig 
an individual h*rging of steel with a hnill on water jacket. The nuUor 
is rated at 650 CV.. the cylinders being 120 millhnelcr h<»rc and 180 inilli- 
nielcr stroke. This engine may also 1 h‘ iihfained as a ihreel <lrivc type 
which weigh.s 557 kikigrams fully e^juipped while the geared tyj>c weighs 
(>2l kilograms with accessories, in this engine four Zenith carhnretors arc 



Fig. 72?.^Propel]er End View of Lorraine Eighteen-Cylinder W Type Water«Cooled 

Aviation Engine Rated at 650 CV. 


U'^ec), two having single ontlcl.s, two having doulde mulcts. 'Hiey arc the 
water jacket lype. As this arrangement i»f carhnretors jwov ides six outlets, 
liic manifolding i.s s<i arranged that each outlet fee<ls three CNlitulcrs only. 
Two magnetos tire use<l. each having eighteen secondary' distrihulor outlets, 
rile engniie is cajiahk of spectls of J.dUO r.p.in. ami in general details of 
constructum it resemhles the twelvc*<*yliiider type. Tlie crankshaft is a 
seven main hearing type and the hearings are held hetweeii tii»per and 
lower halves c»f the honzontalh* divided crankcase of nlnmimiiii alloy, 
'file construction of the master connecliiig ro<U ami link rmls has heeu 
t>revioiisly descrihed in the section on conneding rods. 

Panhard Sleeve Valve Type 12L Engine.—^The only engine of which 
the writer ha.s an}' knowledge that has rc*ceived practical application in 
aircraft using the Knight sleeve valves instead of the usual i>o)>pet valves 
alino.st universally used is the Panhard Type 12L rated at 5<K) CV. The 
motc»r is the usual Vee type with two hanks of six cylinders placed at an 
angle of 60 degrees. It is a four cycle type. The Isirc is 140 ml Hi meters. 
I'hc stroke is 170 mil Hinders. H'he c«»nipressl<ni pressure is ileterniined 


hy the ratio of 5.4 to 1. The valve actuation is hy the usual small crank* 
shafts mounted as auxiliaries to the main crankshaft which reciprocate the 
sleeves by small connecting rods as previously described in the chapter 
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on valve systenjs. Water cooling is hy a centrifugal pump mounted at Ih' 
anti-propeller end of the motor, as shown at Fig. 723, which also show 
the magneto jnstallaiion. The pmnp casing has one inlet and two oiuln 
pipes. Lubrication is assured by gear pnmjis and is the usual pressure^ 
scavenging combinalinn used by nu^st aviation engines. 


Cxh»u$i stacks 



Rig. 723.^Acce8sory Drive End of Panherd (French) Twelve-Cylinder '‘Vee” Type 

Sleeve Valve Aviation Engine. 

The carlmretirjii is by special Panhard duplex carlutretors, two being 
used, one fi»r each bank an<l tnoniUcd on the tnilside of the bank in.stcad of 
inside the \’ee between the cylinders. E.'ich o( the mixing chainl)er.s feeds 
three eylmdiTs by a straight manifold. Starling is acccnnidished by coin- 
jiressed air. a distributor being placed t>n the motor for the purpose of 
properly directing Ihc air. The weight of the motor i.s given as 460 kilo¬ 
grams and it tvill deliver as hig^h as 550 CV. (French h«>rsei)ONvcf). The 
motor IS one meter 800 millimeters long including proiiellcr hub. The width 
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of the motor is 880 millimeters and the height is the same as the width. A 
>ide view of the niot<ir is given al Fig. 724. 1*he cylinders are of steel, cadi 
cylinder having its <nvn water jacket of sheet steel wddcil hy the autoge- 
noMS process. The cylimler heads are se)Kiratr, as in all Knight motors and 
carry the sparkplugs ami the air starter check valves. 

'rhe crankcases arc made special ahimimiin alloy known as Alpax 
and are divided on the horizontal center line of the crankshaft. The hearing 
supports arc in both ujipcr and lower crankcase tnemher.s. The anti* 
jiropeHcr end of the crankcase is cUised hy a incmher carrying the hearing 



Fig. 724.-—Side View of Panhard Sleeve Valve Motor Showing Carburetor Installation. 

for the various accessory driveslutfls a< well as the pa<ls for supporting 
the magnetos. A hall thrust hearing is mounted in tlte nose piece to 
resist propeller tlirusl in the usual lunnuer. 'I*he sleeve \alve reciprocating 
or eccentric shafts are supinined hy seven l»carings and arc driven hy 
sinijdc sj)ur gearing. ‘Pile sleeves are of steel, placed helween the cylinders 
and pistons in the customary manner. The sleeves are provided with 
suitalde ports registering with ports in the cy1indt»rs for the intake and 
exliuiist the gas. The crankshaft has six throws and is supjxirted hy 
seven hearings, two end main hearings and a hearing between each pair 
of cylinders. The ctmnecting rods are tif the fork and blade type. The 
pistons are of aluminum alloy and cast irc»n pist<m rings are used. The 
inside i>f the Vee lietween the cylinders is clear except for the exhaust 
outlets as shown in end view. As all of the sleeve valve actuating mechan¬ 
ism i.s earned inside the crankcase, the exterior of the engine is very clean. 

The dry weight of alxmt two jiouuds per horsqHiWcr ctnnpares favorably 
with that of other engines of conventional form and design. 

Rolls-Royce F Type Aero- Engine.—The Rolls-Royce V type aero¬ 
engine is of the twelve-cylhuler watcr-coided type having two rows of 
cylinders at 60 <lcgrt*cs. fitted with a spur drive reduction gear f<ir the 
airscrew, magneto ignitiem and complete with engine supporting brackets. 
It is illustrated al I'igs. 725 and 726. The engine can he supplied with 
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either .632 to 1 or .553 to 1 ratio ro<liictioii pear, also with cither six to on^ 
or seven li» one conijiression rati<» pisUms. With six to one compres.slon 
pistons the cnpinc will develop 4^ brake horsepower at normal speed at 
ground level. If fitted with .seven to otie compre.ssion pistons, the engnit 
will develop 480 brake horsepower at normal speed at ground level, and thi' 
power can be regained at an altitude of 3.000 feet by opening the throule ti 
full tjpen pt»sition 'riie engine is dcsignatcfl by four scries numbers .iccoril 
ing t<i the gear ratio aiicl ratio cotiiprcssion. the leading particulars of cacii 
.series being as follows: 


Series Nn. 


FM \. 

XI.H. 

F.XI1.A 

F.XKI 

Ni> Ilf eyliuders. 

1 » • 

1’ 

\Z 

12 

12 

Ikirt' .. . 


y 

y 


5- 

Sirtikt 

• « 


$y 

5 y 

5 5- 

Korm.d H.llp 


A’H) 

4W> 


4Ka 

N'orm.if riTniikslKifi t 


i2.sn 

22$ii 

2250 

2250 

Musimiiiu viKX'iJ 



2M¥i 

3500 

2.5011 

Ki»rtii:il •s\K'vt\ oi 

4 

t4il 

Nil 

\2AA 

1244 

Redticooii Kt'.ir tMui 


<i.L> 

<1.12 

$$2 

.5.53 

l.ltM* Ol i'llUIIH* 

Fuel oHiMiniiMiMM III jjalltMi^ 
litmr ai iioriiial 

P*l 

and 

<••1 

71 

0:1 

7 t 

spill . 



2X2$ 


2S35 

Oil coiiMitnfinoii in irnitv Imnr 

Wc'Kht i»l engine. iihlndiiiK cailm- 
rcu*rs. niiiKiirlox. entfinv feel, 
rei 1 ue 1 loi i rc.i r. :i n 1 1 j i i re sv 
hnt>» tiiif f'xi’lmliiik* rsli.iuU 
i.iilinhir. .iirMfeu*. mH. 

5 

5 

5 

5 

fiiH iiinl ^^aUT ir> Ihs 

» « « * 


8<‘.5 


R<i5 


Cylinders.—The eyfinder> are in blork.s six. e.ieli block being mounted 
ou the crankcase at an angle of 60 degrees with each lUlicr. 'I hev are of 
cast aluminum, jiroxided w ith steel liners and reuewalde valve seals. The 
heads arc integral with the cylinder bIcK'ks. Tw<» inlet and two c.vhaust 
valves are i»roMded per cylinder, oijeraled by eanisbafl.s and roekers. 'riie 
val\es arc niaile friuu special steel to wdthsland high leiuperatiire condi¬ 
tions. and operate iit renew,nlile guides. The camshafts and rocker meek' 
an ism are mounted on biji of the cylinder heads, and are totally enclosed 
by means of a removable cylinder liea<l cover. The whole of the valve 
mechanism is |»ositively lubricated. The inlet and exhaust valves of each 
cylinder block arc operates! by one camshafb The camshafts are machined 
from five i>er cent case-hardening nickel steel bar. the bearing surfaces and 


cam faces being hardened and ground. The valve rockers arc five per 
cent case-hardening nickel steel forgings, machined all over and pmvuled 
with hanlened cam follower faces and hardened steel adjustable tappets. 

Auxiliary Gear Drives.—The gears for driving the camshafts and all 
auxiliaries arc driven from the rear end of the cranksh€ift. through the 
medium of a Sfiring drive ciminate crankshaft torsional vibrations front 
all auxiliary ilrivcs. The gears are made from five t*cr cent ca.sc*hardening 
nickel steel and wwm wheels made from phosphor bronze, and all gears 
are fitted to shafts running on ball l>eariugs and totally enclo.sed in a suit- 
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able casing. The camshafts arc driven by means <if inclined tubular driv¬ 
ing shafts with bevel gears at the upper and lower ends. Out-of-alignment 
and expansion effects are allowed fi»r by hardened serrated couplings. The 
driving shafts arc supported in ball bearings, and Ibc whole totally enclosed 
in tubular casings. 

Pistons and Connecting Rods.—The pislons arc made from special 
aluminum alloy forgings machined all over, and are of special design, which 
enables tljc heal lo be dis.sipated in (jrder to kcc]> the tenipcmtiirc of the 
piston heads us low as )M>ssiblc. I'oiir piston rings are provided, three 



fidlS AttO tNCINE 

V ✓ 

Bc'LL^ Rcncr T Tvn Aci!0 Cnt.inc 


Fig. 725.^Rear View of Rolls-Royce "P** Type (English) Aero Engine at A. Front 

View of Engine Shown at B. 

being arranged as compression rings almve the gndgeim pin and one 
scraper ring liclow at the base of the [usIcjii skirl, 'riie c(nnprcssif»u rings 
arc prevented from rotation by means (*f stops. The gmlgecm pins arc of 
five per cent casc-bardcniiig nickel steeb hardened and ground. They are 
arranged to \>c u “floating** frl in the j>isUni Ikjsscs, as well as in the 
connecting rod small end, axial movement being suitably limited. 

The connecting rods are **ll‘* section of the *‘Forke«r* type, made from 
three and one-half jjct cent nickel steel h»rgings, heat treated to give a high 
Brinelb and machined all over to reduce \veight varialiinis. A divided 
white metal lined sleel block is bolte<l to the forked ri»d. 'I'hc plain rod 
works upon the center pro|K>riion of the steel block, the latter having white 
metal bearing surface. The small ends of Imth nwls arc fitted with “float¬ 
ing" phosphor bronze bushes. All bearings arc positively lubricated under 
pressure. 
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Crankshaft and Crankcase.—^Thc six-throw crankshaft is niachinc'l 
from a nickd chrome steel forging, all the journals and crank pins hein^ 
bored for lightness and lo convey hihriealing oil to all liearings and con¬ 
necting rods. All crankpins and jcnirnals are accurately ground itt clo^^ 
limits for size and triteness of dianicter. The crankshaft is carried in seven 
bearings of ample proporUous. The crankcase is of special aluminum all<o . 
and is made in two halves of 1 k»x section suitably ribbed to give the nercs 
sary slifTuess. 'Khe main 1>carh»gs, con.si.sting of divided mild sled shell.s, 
while metal lined, arc held m the upper half crankcase by special capv 
which are secured l>y suitaldc bolts on each bearing. Facings arc formed 
on either side of the caps uhich fit IkMwucu ct^rrcspoiuliug facings fonued 
<m checks within llie upper half crankcase. Transverse holts jkiss through 
the crankcase and raps. This rirrangenicnt sccurc.s the rigidity of one in 
wlitcli the arc Iniegral with the lower half, while reUining the advan¬ 
tages of caps lH»fied only t<» the nii]K*r half. 



Carburetion.—1*wo ’‘Duplex** carburetors arc provided of Kolls-Royce 
tlcslgu and inanuEacturc. fitted with automatic control by which the flow 
of petrol from the float chamber lo the jet is automatically regulated to 
suit varying altiltidcs. Siiceial compensating passages arc provided m 
the carburetor, which inainiain iimler all conditions the same ]>ressiire in 
the float chamber as in the throat, thereby neutralising cihlycurrent effects. 
These passages also enalilc the flixit chamber cover U* he sealed Ihu^ 
reducing the risk of fuel leakage. The carlnirelors are mounted between the 
cylin<lcr blocks an<l are priwidiHl with petrol drains at the lowest iHiiiil. 
and one petrol inlet is provi<le<l for Uuh carburetors. '^I'he induction pipes 
arc designed lo secure even distribution of the charge to the cylinders. 
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Magneto and Ignition System.—Two l\\elvf“lerniina1 hi^h tcnsifin mag- 
iietos arc fitted an<l arc suiii»r>rle<l on the auxiliary fjear case from which 
they arc driven liy iiicaii> of serrated coiijdiMjjs, invoriwiratcii iu (lie latter 
i> a device for cuat>liii^ a fine and |ioviii\c ailjnstmcnf of the ignition tinv 
in>; to l)c cfTcclcd, ’I'wi) sjiarkin;^ |du;fs of aii]>rovod make are ritle<l each 
cylinder. The cinitrol meohantsuis f<»r throttle and mixture regulations 
are fitted on the cn^^me. the iiiacnelo rontrtds hein^ inicr-lockctl with the 
carlmretor throttle ciuitrols. 'I'he conneetmtis hetween the enj^ine and 
pifors seal arc not jinw ided liy kolls-Royce, l.td . heinir left to those 
responsihie for the installation of the entrine. 

Reduction Gear.—A single spur Rear reduction is fitted at the front end 
of the crankshaft, through which is transmitted the drive to the airscrew. 
The pinion is <lrivcn from the rrankshaft thronjjh a short shaft, haviiiR teeth 
at the inner end to an internally tcKithed fiuii|(e Inilted to the crank¬ 

shaft and at the outer end t<‘eth cnR«aRing with teeth cut Inside a part of 
the gear pinion, 'riu* use of tins shaft jirevents l<»ad> fr4»ui the gear ]>inion 
roming on to the cranksliaft. The gear wheels arc carried on large size 
roller bearings. nionnte<l in u siihslanlial cast ahuiiinnm case. 'I'lie air¬ 
screw* huh is of three and one-half ]>cr cent nickel steel suitable for woinlon 
type airscrew', 1'bc linh is firovide<i with iiilernal serrations ami is mounted 
on similar serrations on tlic airscrew shaft. 


Cooling and Lubrication.—A centrifugal water circulating pump of 
ample cajiarity is fi(te<l below* the auxiliary gc-ar case ami driven fnmi same 
iliT<iugh serrated coujdmgs arranged to lake care of iiiovcmciit <lue to 
expansion or want of nbgniiiicnt. All water pii>e connections consist of 
rubber joint.s to provnlc flcxilMhiy. The lubrication i»f the engine is 4»ii the 
“dry sum))'* system, the bulk of the oil liemg carried iti a service tank sep¬ 
arate from the engine. 'I'w'o ‘*sca\engcr“ pumps ami one "pressure" ]mni]) 
are carricil at the rear end 4if the lower half crankcase—-one "scavenger" 
pump I'emg arranged to draw* <nl frcnii the forward cn<l t)f the crankcase, 
and the secoml one ib-livcrs the oil U* the service lank. The "pressure" 
imnip takes its supply frtun the scr\ice tank and delivers it to the main 
bearings ami cjihcr parts under suitable ]>rcssiire. ICacli ".scavenger" pump 
is provided with a filter, each filter being contained in the oil pump casing, 
'Die mam filler for the pressure pump is suiiplied as a separate unit. A 
compouml relief val\e regulates the pressure in the main s> stein, and 
also adjusts the ])rc.ssure of an auxiliary low pressure system which sup- 
])lies oil to the camshaft hearings and their drive mechanism. 

Engine Starting Gear.—Kach engine is fitted with a hand starting gear 
mounted on the auxiliary gear drive casing, and arranged so that the start¬ 
ing handle can lie used either side of the engine. IViming of the induction 
l>ipc Is cfTetied tjy the l<oll>-Ki»yce pniiiiug device, supiilied with each 
engine, which enables a highly atumi;ted mixture of gusolhic and air to be 
injected into the induction .system. This device is intended to be fitted to 
the pilot's scat ami connected to the induction pipes by means of copper 
tulle. This tulx is not. however, supplied unless specially onlered. The 
airscrew hub is arranged to take a Mucks Starter Claw which can lie .sup¬ 
plied at an extra charge if specially ordered. 
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An aTranjjemcut for driving; a rcvolulion counter is mounted on the rear 
end of one of the canishatts. the comicetion iKjing; driven at one-quaricr 
crankshaft speed. Provislcm is made in the aiixihary gear drive unit {nr 
^riving Ihe cams for (ii>craling the Conslanlincsco gun fire control gear. 
The auxiliary gear casing is also arranged to receive the plungers of the 



Fig. 727.^Rear View of Rolli-Royce (Engliih) '‘Condor^ III A Aircraft Motor 

Showing Carburetor and Ignition Magneto Intullation. 
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<run control gear. The cams can be supplied al an extra charge, if re¬ 
quired, but we do not include the plungers of ihe control gear. Suitable 
flanges are provided with each engine, and exhaust manibilds can he 
svjpplieci at an extra charge. The directum of rotation of the propeller 
is anti-clock wise as viewed from the propeller end of the engine. The 
engine can be used as either a “tractor’* ur *')msluT“ witluml alteration. 



Pig. 728.—From View of Rolli-Royce "Condor*' III A Aircraft Motor Showinr 

Reduction Gear Homing and Propeller Drive Flange. 
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A complete set of spanners suitable for carrying out adjustments 
and a light ‘‘ovcrhaur* are supplied in a toolbox with each engine. A set 
of special spanners and tcKils such as arc required for dismantling for 
complete “overhauls’* ami re-ercction can be supjdied at an extra charge 
All material used in the cofistniclion of these engines are produced in 
exact conformity with Rolls-Royce specifications, which are based on many 
years experience with alloy steels and iionferrous alloys. I'he.sc specifica¬ 
tions are within the sc<q>c of the standard specifications issued by the 
llritlsh Air Ministry. All mild and alloy steels are carefully tested in tbi^ 
raw state, every Imr and billet being proved by heat treatment, fractun* 
ami Ibnicll test, to eusiire that the raw uiateri.il is correct to .specification 
Each individual crankshaft and propeller shaft forging is tested sei>a- 
ratcly. Camshafts, connecting rods, etc,, are tested in batches, one forging 
being sclecled out (d each batch «»f a s|Kcilie<l nuiuhcr and after heat treat¬ 
ment arc required to jiass the following tests: 

(a) Tensile (static) 

(b) Stanton t fatigue) 

4c) D.od Single Impact (heat treatment test) 

Tn the case of lumferrotis metals, tensile test tneces are taken from every 
large casting and from every main cast. 

Rolls-Royce "Condor 111. A." Aero-Engine.—Tlie Kolls-Royce “Condor" 
Aero-Engine is of the twcIvc-cyHndcr watcr-ciH^led “Vce“ type, fitted with 
a spur drive reduction gear for the aifMTew, magneto ignitum and com¬ 
plete with engine sn]>)>ortiiig brackets. It is shown at Figs. 7J7 to I'i) in¬ 
clusive. The engine is of the high compressifni ty|>c and the carlmrctor 
is fitted with a stop hinit the opening of the throttle valve. This sto]» 
cnaldcs the correct positum tn be determined for the gate control on the 
aircraft, as the throttle should not be o]>cncd l>cy(»n<l the stop when the 
macliine is operating at nn altitude less than 3.000 feet. 

The leading particulars of the engine arc as follows: 


Kiitnlicr of cyhmk*i>. 

Pore. 

Stroke. . 

Normal B.Hp (<it Krouiid level). ... 

Normal ^peed t^raiikshalll. 

Maxintttni siverl (Cr.inkdiafl I ... 

Normal speed (]'ri»prMcr) with 477 rediuMinii gear 

Foul cciiisunipiH>ii at itiirnial power and . 

Oil con>uinpii<«i.. 

WeiRbl of eiiKinv *—inchichiip carlmretors. maRiieKr', 
engine feet. diMnlinior and pipes for prjwcr siarl- 
er. cic., fint excUidiiig redurtioii scar, exhauNi 
boxes, radiator, airscrew, oil. fuel and water. 

Wcij^ht of eriK:>no a£. above, but iiicltidmi; rednHion 

ffcar. 

Weight of engine comp Me with all the alHWo, Imt 
without rudmlor. airscrew, water, ml and fuel.... 


12 

W 

7y,^ 

ii(i5 

19(10 R.P.M. 

2100 R P-M. 

W R.r.M. 

4] eals. per hr. 

1,1 nals. per hr. 


11&2 Ihs. 

lUs. 
I.V^ 11)N. 


Cylinders.—‘I’he cylinders are sejmratcly mounted on the crankcase 
ill two rows of six. nt an angle of 60 degrees with each tJther, They are 
built-up of all-steel construction, lieing machined from .6 per cent carbon 
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steel forg:ings with the heads integral with the cylinder barrel- The water 
jackets are die*prcsscd steel, acct\lcnc welded at the joints. 1*he valve 
sealings are machined in the cylinder heads. I'wo inlet and Wvo exhaust 
salves arc provided \wr cylimler, o]»eratcd by «>verlu'ad camshafts and 
rc»ckcrs. The valves seat direct in the parl-s]>hcrical cylinder heads and 
iheir stems are conseiiucntly divergent. The valves are made from stiecial 
high chromium steel forgings, working in ])hosi»hor hronze guides. 

Camshaft Mechanism.—'I'he camshafts arc enclosed in steel tubular 
cases which are mounted on the top uf the cylinders. Each camshaft is 
provided with six ahimintim hearings which are in halves and Ixiltcd to** 
gellier, and two unc-picce bearings. i)nc at either end. To operate the 
divergent valves ta]>pcts are inter)losed lietween the cams and each rocker, 
ibc latter being arranged to swing in a (dune coinci<lent with or parallel 
to a plane in which its valve lie.s. The camshafts are machined from five 
per cent case-hardening nickel steel bar, and grimnd on the bearing sur¬ 
faces and cam faces. The valve rockers are three am) <»iie-half per cent 
nickel steel birgiiigs machined all over having hardened en<ls hearing on 
the tappets and hardened adju.stahle etnl pieces bearing on the valve stems. 

Auxiliary Gear Dnves.^'l'he gears for <lriving the camshafts and all 
auxiliaries arc <lriven from the rear end of the crankshaft, thnuigh the 
medium of a spring cotitrolled friciion-damiipd jiinimi, so eliminating from 
all atixiliury drives, crankshaft torsitmal vibrations und are totally enclosed 
m a suitable casing. All gears arc nuadc fr<mi five iier cent case-hardening 
nickel steel, accurately fitted to .shafts running on ball bearings. The catn- 
.shafts are driven by means of inclined tubular driMiig shafts with l>evel 
gear at the tijipcr and lower cuds. t)tit-<»f-aliguinenl and exjiansiuu effects 
arc allowed for by har<lcned serrated ccuipliugs. 'I'he driving .shafts are 
sii]>porte<i in hall iKarings and the whole liUally enclosed in tubular casings. 

Pistons and Connecting Rods.—The pistons are made from special 
aluminum alloy forgings machined all over. an<] are <if s]>ecial design which 
enables the heat tn be disstimled in tirder to koc]» the tem])erattirc of the 
piston heads as low as pos.^ihle. Eour piston rings are provided, three 
being arranged as compression rings alsu'e the gttdgeon pin and one 
.scraper ring below at the ba.se of the piston skirt. The compression rings 
are prevented from rotation by means of stops. The gitdgcon pins are of 
five per cent case-hardening nickel steel, hardened and ground, 'Hiey are 
arrauge<l to be a “floating** fit in tlje piston Ih>sscs. as well as in the con¬ 
necting rod small end. axial movement being suitably limited. 

The’connecting hkIs arc “11'* sectimi of the “Forked" type, made from 
three and onc-half per cent nickel steel forgings, heat lreate<l to give a high 
lirinell, and machined all over in reduce weight variations. A divided 
white metal lined .steel block i.s bolted to tbc forke<l rod. The other rod 
works upon the center portion of the steel block, the latter having white 
metal bearing surface. The small ends of both rods are fitted with "float¬ 
ing** phosphor br<inze bushes. All bearings arc i>osilivcly Inhricated under 
pressure. 

Crankshaft and Crankcase.—The six-throw crankshaft is machined from 
a nickel chrome steel forging, all the journals and crankpins being bored for 
lightness and to convey lubricating oil to all hearings and connecting rods. 
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All cratikpins ami journals arc accurately ^ouml to close limits for size 
and trueness of diameter. The crankshaft is carried in seven bearings <>i‘ 
ample proportions. The crankcase i.s of .s|>ecial alnminnm alloy, and 
made in two halves of box section suitably ribbed to give the ncccssar\ 
stiffness. The main bearings, consisting of divide<l mild steel shells, wlnic 
metal lined, arc held in the upper half crankcase by special “Duralumin** 
caps which are secured by bmg l«ilts adjacent to each Ideating. I'acini’s 
arc formed on either side <»f the caps which bt between corre.sjxmclmy 


facings formed nu cheeks within the Inwer half crankcuM'. Horizontal 
bnlls pass ihrungh the k»\vcr half crankcase anil the cups. ho!<hng iIicm- 



Fig. 729.^^ide View of the RolU-Royce 'Xondor** III A Aircraft Motor. 


parts rigidly tiigelher. This arrungeineul secures the rigidity of ente m 
which the caps are integral with the hnver half, while retaining the arivan* 
tages of caps Isilted only if* tlic iipjier half. A shaft driven from the tun¬ 
ing gear is arranged to drive three tnl jmiups—two ‘‘Scavenger*' *an<l one 
“Pressure**—t<igelhcr with the water circnlatnig pump, these pumps beiiig 
bolted to the bottom of the lower half. 

Reduction Gear.—A single spur gear reduction is fitted at the front 
end of the crankshaft, through which is transmitted the drive to the air¬ 
screw. The pillion is driven from the crankshaft through a short shaft, 
having teeth at the inner end to engage an internally tcKithed flange bolted 
to the crankshaft and at the outer en<l teeth engaging with teeth cut inside 
a part of the gear pinion. The use of this shaft jirevents loads from tlic 
gear pinion coming on to the crankshaft. The gear wheels are carried on 
large size roller bearings, mounted in a substantial cast aluminum case. 
The airscrew shaft is of large tiiameter, made of nickel chrome steel, ati<l 
is flanged at the front end U* take a metal airscrew. A double thrust ball 
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bearing is contained in the gear casing to lake thrust from the airscrew. 

The airscrew shaft is provided with a flange to which the airscrew hub 
can be bolted. A hub suitable for a wooden airscrew can be supplied at an 
extra charge. 

Carburetion System.^A twin carburetor is provided, each half supply¬ 
ing one side of the engine. It is of a special RoUs-Royce Claudel-Hobson 
type, fitted with rotating valve adjustments by which the flow of petrol from 
the fl<iat chnnilKT to jet may be re^nlaied fnmi the pi1<»t's seal to suit 
varying allitmles. Special compensating passages arc providetl in the 
carburetor, winch niumtain umler all conditions the same pressure in the 
float chamber as in the (hro<it. thereby neutralizing eddy current effects, 
i'hese i>a.ssage.s also enable the fluul cliamUT cover to be sealed thus 
re<lnciug ilie risk of petrol leakage. 'rUe carburetor is moutiled low down 
at the rear of the engine, (uciliiating the use of gravity feeil for the petrol 
system. 'I'he carburetor is self draining through the air intakes. A large 
and Convenient gasi»bne filter i.s .Mi])plie<l with the engine as a separate unit. 
'Pile iiiducinm pipes arc <»f large diaincler, fi»rmed with easy bends and 
water jacketed atljaceiit to each carburetor. 

Ignition, Cooling and Lubrication.—Two twelve-terminal high tension 
magnetos are filteil and arc supported on the auxiliary gear case from which 
they are driven by means of serrated couplings. Incoriioratrd in the latter 
Is a device for enafdinga hue* and j)osrtr\e ndjiislinetil of the ignition timing 
lo Ivc ciTccled. 'J’vvo sparking jdugs of Jijijmivcd make are fitted to each 
cylinder. 

4 

A centrifugal water circiilattng jutmii *»f amjde capacity is fitted Ixjlow 
ihc bottom half crankcase being driven from tbc auxiliary shaft through 
skew gears. All water jnpe eotmeclums cimsist of si»ccial joints having 
rubber ring.*; in compre.ssion where fle-xibility is re<[uire<l. in no case arc 
ruliber connections c»f the usual hose tyjn.* employed. 

'I'lie liibncalioii of the engine is on the **dry sump'’ system, the bulk of 
the oil being carricil in a service tank sejiarato fr«»m the engine. 'J'wo 
“scavenger’* pumps and mie **jiressiire** piiitiii arc arranged on the bottom 
of the lower half crankcase. The “scavenger” pumps ilraw t»ll from the 
crankcase, and deliver it to the service tank ami the **)iTessure” pump 
takes its supply from the service tank and delivers it ti> the main bear¬ 
ings ami other part.s under suitable jiressure. The “.scavengrr” oil pumps 
each haNC a coarse filter inclndc<l in their casing, but the main filter for 
the “pressure** pump is supplie<l as a separate unit, easdy taken to pieces 
h»r inspection without the use of tools. The pressure is regulated by means 
of a si>ring li»Acled relief valve. 

Control Mechanism and other Auxiliaries.—The ctmtrol mechanisms 
for throttle and mixture regulator arc fitted on the engdue, the magneto 
control being inicT-cunnected with the throttle control. The connections 
between the engine and pilot’s s^cat are not provided by Rolls-Royce. Ltd., 
being left to those responsible for the installation of the engine. An 
arrangement for driving a revolution counter is innunled on the timing 
gearcase, the collection being driven at one-quarter crankshaft speed, 

Exhau.st manifolds are fitted one on each snlc of <hc engine being con¬ 
structed i»f light sheet steel pressings acetylene welded together. 
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The engine is fitted with a distrilnttm* and pipes to back pressure valves 
in each cylinder for use with a compressed gas starter. The latter is noi 
supplied with the engine. 

The direction of notation of the propeller is clockwise as viewed from 
the propeller end of the engine. Tlie engine can be used as either a 
“tractor*' or “jnishcr** withimt alteration except to the top water pipes which 
require setting to suit. A complete set <»f spanners suitable for carrying 
out any adjustments to the engine together with a quantity of spare parts 
are supplied in a toolbox with each engine. A set of s])ecial .spanners and 
tools such as arc required fur diMnantling and crectum are su]>phcd at an 
extra C(»st. 
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Pig. 730.—Three-Quarter View from Accessories Drive End of Renault (French) 

Twelve-Cylinder 5S0 CV Direct Drive Aero Motor. 


New Series Renault Motors.—The Kenaull aviation motors are the 
result of a wide experience in the design and construction of powerplants 
for all types of military and civil aircraft. The new series range in power 
from 450 CV. to 750 CV. and are built in direct drive and geared types. 
The motors all have the same general characteristics and are <»f simple 
design to ])erinit of light weight combined with reliability and endnrance- 
Thc earlier Renault motors ranging from 300 to 480 CV. have given iiuni- 
erous proofs of their emUirance and the new series should combine all the 
good features of the old line with the imj)rovenients of perfi)rniance that 
refinement of detail due to greater operating experience always brings 
forth. 

The description which follows applies specifically to the 550 CV. 
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illustrated at Fips. 730 and 731 which may lie considered typical of the new 
Renault construction. The direct <lrive has twelve cylinders jilaced 

in two hanks of .six m the iiMial fiO dei;rrc Vec arrangement. The cylinders 
are 134 imlltnicters lK»re and IWI nnllMueters stroke, are of for^jetl steel 
machined all over inside and onu The eylnuliT is pnivnlcd with flanges 
al ihc t<»p and near the hnsc to which the w;iter jacket is attached by 
autog:cnous weldiup. There are four valves jicr cylinder, sealing: directly 
Into a flat t<ii> c>lin<ler head, the comhuslion-chamher hein^ of slightly 
greater duinieter than the cylinder Uirc. The exhaust and intake fiipcs 
are made of steel statu pings joined by the atihiga'iious welding process. 
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Piff. 731.-^Direct Side View of Renault 570 CV Geared Drive Motor. Note Carburetor 

Initallation. 


Kach cylinder is provhled with two sjiarkplugs and a check valve for the air 
starter. 'The water jackets are eorrugated and arc proportioned to reduce 
the «'imonnt of water U» a miniimini witlunit materially alTecting the cool¬ 
ing. The valves are all the same size, are short and of substantial propor¬ 
tions and three springs are used on each valve. Tim pistons are of 
aluminum alloy, well ribbed for strength and are provided uith six piston 
rings. The wri.stpins are hollow, of large <lian)etur and are free in both the 
connecting rod end and the piston bosses, abiininuni alloy buttons in the 
wrist))in ends prevent mg scoring the cylinders. 

The connecting rods are f>f the usual “U*' section, forged of steel and 
having articulated <»r link hkIs attached in the cimveniional manner. The 
upper bearings arc of phosphor bronze, the lower l^armg of the master 
Uid is of special white metal. The crank.shaft is a .seven bearing alloy steel 
forging mounted on plain hearings and carrying a <lccp groove ball hearing 
at the propeller hub end to take end thrust from either direction. The 
main bearings are formed l)et\vcen the upper and lower halves of the well 
ribbed alutninum crankcase. The lower crankcase mem her has a removable 
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cover to permit o{ inspection of the connect)np-rcKl l>earin^s and aljso car¬ 
ries an tiil drain phitj. A special casing placed at the rear of the motor 
carries the liming and accessory drive pears and the mapnelo siipjions. 
The camshafts arc driven hy bevel pears carried by driveshafts parallel 
to the center line of the cyHiiders. 'J'he camshaft carries one inlet cam ami 
two exhaust cams for each cylinder. These cams actuate the valve sleni^ 
throuph n»cker arms carryinp the clearance adjnstrnp screw. 'Phe enlirc 
overhead valve nicchnnism is completely enclosed by casiiip covers which 
arc easily rcim^vcd to |)crinil of iiispcctinp the niech.inisni as shown at 
Fip. 7y>. 


St*ner chKk vthe 



Air 

distribjiur 


V«lvt 
OPWJlins 
mKhwism 


^ . 

^ if 
Conuj^ttd 
waltf |Kk*t " 


' M«|n«to 









-V 



Zinitt) Cirturctor 
KH.ht9* 



ZPAilh C^rbureiuf 


A M fuel puMip 


Witer pump 


Fig. 732.»Accesaor7 Drive End of Renault Aviation Motor Showtnp Centrifugal Oil 

Separator and Mounting of Air Starter Distributor. 

Four carburetors are used, these l>einp the Zenith 60J and are placed on 
the outside of the cylinder banks. Each single outlet carburetor servos 
three cylinders. The carburetors are the water jacketed type. Two mag¬ 
netos are placed transversely at the anti-propeller end of the motor. Lubri¬ 
cation is by double gear pump, the lower one being the pressure or feed 
pump; the upper serving as a scavenging pump. A centrifugal separator is 
interposed in the lubrication system to remove all bircign particles, such 
as carbon» metal chips or core .sand from the oil. which is thus maintained 
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clean at all times. Oiolinj^ is Uy iTiUrifngal pump havin^j two outlets, one 
for each bank of cylinders, l^ucl feed is by AM fuel pumps, driven directly 
from the mopir ami placed below the inai^neto siipyiorts as shown at Kijf. 
732. The 550 CV. motor weij^hs 475 kilo^p-ujus in the direct drive form and 
with the normal coniiircssion ratio of 5.6 to 1 wdl tlehvcr that ^Kiwer at 
1.800 r.p.m., and (*20 C*\^ at 2,000 nji.iii. The other Renault motors difTcr 
in <llniciisions but the mam features of construction are the same. The 
1 eduction ^car is of the simple spur e^ear aiul pinion tyjic, the propeller 
ilriveshaft bein^y mounted uIhiyc t!»e crankshaft center line and bearings 
nf the uulbfriclion type being employed to snpiHirt the reducc<l .spcetl shaft. 

Salmson Water-Cooled Radial Engines—'I’he engine was regis¬ 

tered in July, I'>23, iat the nominal ptmer of 2<i0 horsejiowcr for 1,650 
r p-in. It uas esjiecially <lcsiKiu<l to sui>erscde the war nii»dcl CUZO, hut 
ilevclojiing a higher power with even more reliability. The CM9 2fj0 liorsc- 
power was fitted to the I^^^n 1 an niaehnie }iiloted by Jto^soutrot. on the 
ilst July, 1923, in the return flight heiween I’aris ami Lyons ami won the 
Zenith t*up )>y having tlie ininiiiMim fuel eonsiituplion per rarrieil kiln- 
gram. lu Scjitcmber of the same year it was filled to the four engine 
barman (jidiatli, ]nfoted by |loss<»ntnil and Ihotihin. uliicb riiiislked in the 
"(Jraiirl I’rix des Avious de *rraiis|Miri.** In 1*124. the t'M*) JfiO horsepower 
5lCCoUIl^ll.^hed successfully a r<*babiliiY lest of 300 Inmrs at tlie oflieial 
lalHirntory of C'halais-Meudon. On the 25lh Seidrmber, l*>26 in the '‘Kallye 
Acrien National d* Auvergne** the pdot OkIo.s on a twin-engine Farm an 
Lrdialh, with C’M*^ engines, fnnsheil (irst in front of 34 coiiipetitors, averag¬ 
ing a coninuTcial sjieeil of 131 kilometers per hour fi»r llie 810 kilometers of 
the circuit ami with 21 persons on hoard. 

*rhe CiM9 2^i() horsepfoxT has hern a<]opu*<l by important French aerial 
iransport companies for ii.s real 4|nalihe.s of solidity and reliability. Nuincr¬ 
ons nuulels are fitted at present to the llerlinc S)>ail, the commercial ihrcc- 
engme Cainlron machine ami the twin-engine Fannan Gidialh, iii.suritig 
‘lady an ever g^rowing irahic on the principal lines of the Air Union and 
C.l D.N.A. Companies. Selected also by the French War and Navy Minis- 
iric.s for the lieavy military inacliine.s. the C*.MO 260 horse|Kover is utilixed 
by several .sijuadrons of iMunbcrs. All the jirincipal parts of the CMO 260 
horsepower such as jiistons. cunuccling rrMs. valves, calve sjirings. rockers, 
vie. arc interchang^eafdc with the corresponding jnirls of the A11^ 230 horse¬ 
power. All 18 4fi0 horsejKiwer, and the CM 18 500 luirsejiower. Ihus alh>wiiig 
a very noteworthy statuhinhxntnm of these four engines. 

The CMO 260 hf>rsei«iwcr engine is of the static radial, water-cooled 
bmr-stnike type and i.s clearly sluivvn in the illustra(i<nis at I'lg. 733 which 
show the motor viewed from the prt»pcllcr and anti-propeller end.s respec¬ 
tively. The cydinders have a bore of 125 millimeters and a stroke of 170 
millimeters, which gives a displacement of 18.7(i5 cubic centimeters. The 
compression ratio is either 5 or 5 4 to 1 and the engine is supported by 
the rear crankcase. The engine develops its uoniinal power at 1.650 r.p.m. 
The engine is one meter long and one meter eighteen niilltmeters in diam¬ 
eter. In complete running order wdth magnetos, carhurctor and propeller 
hub it weighs 250 kilograms. The engine revolves in a clockwise direction 
for an uhserver standing at the propeller end ami looking at the propeller. 
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The engine may be used as a tractor or a pusher. The engine is fitted with 
a distributor to permit of air starting. 

The nine steel cylinders, which lia\c their water jackets wehieil on, 
are registered in the crankcases and kept in positicni by collar clamps. 
The master connecting rod, which is balanced and made of .special steel, 
revolves on a while metal lined cenlnil l>carmg ol large <!iine««ions. 1 he 
crankshaft of nickcbchroine steel carries two counterweights so arranged 
as to balance the whide grtmp of connecting rods in all their ^Hisilioiis and 
at all speeds. The dislrilmtion o|>crated by a circular cam acts on the valves 
through roller lapjicis, rockers, and acljn.'^tablc rods in the usual manner. 

A single inlet pipe located in rear crankcase feetls each cylinder and 
receives tlie gases from a iiinlder eciniirctc<l to the carburetor which is 
fitted willi an aiitcunatic allnnelnc correcier. Ignition is by two Sahnson 
magnetos (»(!'> tv)>c, ami tno plugs jier obmler. I.nbrieation is effected 
by a pump returning to tank the oil scavenged from crankcase and is the 
u.sual dry smni> pres^ll^r msiciu 

A circular manifold f*»rniing e.sbaust ^ilence^ and fitted with clearing 
jiipcs is sipiplied ou rerpiesl. 

1'hc (.'.\ll8 engine \\u> registered in Angusl, at the mnninal power 
of 5(K) hofsejiowcr h»r l.foU r.]».in. but is able to devcl‘>p 550 horsepower 
ihcmgli lieing small in volume llie C'MIS engine 5tX) bor<;ej>ower is fitted 
to the following )daiie<.—Lotig I >iviance Scimtnig breguet. 1'>A2 type;. 
Long Distance Scouting 25AJ type: J.otig i)isiaiice Setniting Can- 

dnm. ILUCl type; High ling llaimoi, \\MC\ tvj.e: Fi gluing Ucchereau, 
SB6C‘2 ty|)c; and the new c»niimcrcial llanriot machine Hi5. 

Specially constructed with a view to safely and bnill only with the 
best materials, this engine acconipi'^lied siiecessfnlly two oflicial rclialnlity 
trials of 150 hours each in fitieen perioiN of \vn conseciUive hours without 
the slightest trace of nhnonnal wear l>eiiig iiuticealde (»n the main parts. 
The ciglUeen cylinilers are In two radial gToii[)s <»f nine each as shown at 
Fig. 734 and are fitted hy pairs Ui a hratkel fisetf by studs on the crankcase. 
Each pair can he retnovetl and refitted independently of the others and the 
dismantling elTcctcd on the plane itself. 

As in the AlflK460 horsepower engine, the air resislancc is reduced to 
the minimum by the use of eighteen evhndcrs for a ptwvcr of 500 lu»rsc* 
)M)W'er and the tiisjiosilion of tlie c>finders, one behind the other, in 
facilitates the entry into the air stream. All the principal parts of the 
CM 18 engine 500 horscjHOver such as pistiuis. vaKcs, valve springs, rockers, 
etc., arc interchaiigcal>Ie with the corresiMUidlng parts of the type.s AB9 
2,K) horsepower, (\M9 JW linrsejK)wcr, and AlUH 4()0 horsepower, thus 
allowing a very notcwi»rthy slandanlization of these four engines. 

Napier ‘‘Lion** Aero Engine.—'riiis is one of the l.cst known of the 
British aircraft motors and has an enviable rcc»»rd of accomplisliments to 
its credit and has received w<irl<l wi<le distrifuilion. It is made it\ a clircct 
drive form illuslnitcd at h'rg. 735 and in the ge;ire<l <lri\e type shown at 
I'igs. 7.^6 A and U. 

Cylinders are steel forgings mac limed all over. Waler jackels oi steel. 
Dctachalde alumtnnni cylinder liead coiitatniiig inlet and e.vhanst passages, 
valves and valve actuating mcchani.sni. Listons are of .'iliiminuin alloy, 
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Fig. 7$4.~An Unusual Aircraft Motor Design. The Eighteen-Cylinder Salmson (French) CM 18, 500 Horsepower Radial Water- 

Cooled Engine. 
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filled with two compression and two scraper rings. ITollow gudgeon pins 
<»f large diameter, fixed in steel hushes. Two inlet nml two exhaust valves 
iifc used |>cr eyhndcr. each fitted wiili two ciiil springs and operated direct 
tiy overhead cnrisliafts driven thrcmgli licvcl gearing hy vertical shafts 
from the crankshaft. 'I'he whole the valve mechanism is cnclo.ted within 
a <lctachalile aluminum case. Ccninecting rods archnachined from special 
high grade steel. Tlie master rod. coujiled to the jiisions of the vertical 
hlock of cylimlcrs. is fonned with lugs on either side, to which are attaehctl 
ilic short auxiliary rc«ls for the ]iistoMs of the right and left grou)»s of 
r\ linders. 'I'he liig ends are while metal IiiunI, anelmr pin.s anil oilier parts 
work in hushes of auii»lc size. 



Klg. 735.—Napier *Xion'' Direct Drive Aircraft Motor. A Distinctive and Popular 

British Design. 


The crankshaft i.s machined from a solid sled forging. The four throws 
arc in one plane and all journal bearings and craiikpins arc of large diam¬ 
eter and bored out. The shaft is carried in five substantial roller bearings 
and a large plain I waring at the for>vard end. Airscrew shaft and drive 
*•{ the geared drive forms ha.s a shaft rotating clockwise, when viewed from 
the airscrew end, It is carried on tw'o roller hearings and fitted with a large 
<louble thrust Iwll bearing, to take the thrust of either a “Tractor'’ or 
“Pusher” airscrew. Reduction between airscrew and crankshaft is through 
high grade alloy steel spur gears, iihaft and its gear and cover can l>e 
withdrawn frmn crankcase. Crankcase and oil sump are of aluminum 
suitably stiffened at all necessary points and having arms on either side 
for attachment to the aircraft. The crankcase front end encloses the reduc¬ 
tion gear for the airscrew shaft together with the shaft and licuriugs. The 
rear end cover contains the two scavenge <nl pumps, the pressure oil pump 
and the drive for the camshafts, magnetos, water and oil pumps, Water 
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puiTip is a centrifugal type, in rear end f»f engine and running at 

crankshaft speed. The spin<l)e is filled with a gland and a screwdown 
C<unpri‘ssion grease cup. Water is delivered tlirnngh a separate outlet In 
each cd the three cylinder hltK*ks. 

Oil pumps ciuuiirise lni> suction and one pressure type pump driven ai 
half engine s()eed through gears. The suclion pumps cmiTiccted to the 
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Pig. 736.—At Top, Acceuoriei Drive End of the 450 Horsepower Napier "LIod" W 
Type Twelve«Cy]inder Engine. View at B ia the Propeller End of the 450 Koraepowef 
• Geared Drive Napier **Lion** Engine. 
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sumj) and the pressure pump takes oil from the supply tank through a 
suitable filler. Maptelo.s anrl two special twelve cylinder mag¬ 

netos, rotating anti-clock wise, arc iiunintcd im tjlatf<»rius at the rear end of 
engine. Special distrihuUirs fitted to facilitate starling hy band. Metal 
braided ignitbni cables earned in ahiininnm tron^b.s. A<Kancc and retard 
links an<l levers iiiUTeonncelefl. (*:irlmre|ors, Ivvni and single carlnireiors, 
Nai>ier system are filled. 'I'lic ImmIics, which are \*i alumiiiuni and slaved 
to the crankcase, are water jacketed. 'I'ho gas tnlel |»ij>es to the induciion 
port on the cylintlcr heads arc of sieol and are water jacketed. AlliUide 
control cocks arc fitted and are interconnected with throttle control. Lu¬ 
brication is by pressure Ibronghont to big ends, gudgeon pins, and liearings 
of camshaft. 'Lhc ctliiuler walls and eranksliaft Itearinys arc lubricated by 
nil cscainng from the big vinis sinrl gudgeon jims. 'fbe valve tapi>ets and 
cams arc Inbriealed by od eseatniig from the camshaft bearing.^, wliich 
drains into the .Hirinp anr] is delivercfl I hence to (he siipjily lank by snclion 


pumps. An adjustable pre.^^stire relief vulvc is incortiorated in the system. 
'I'he Napier petrol starter i** j»rii\ided, by means id wlileh fuel is puiniiod 
into the cylinders and igniter] by a bainl st.ariing magneto operated through 
the special distributors of entwine magnetos. Hainl turuing gear, this is 
1 provided with a twelve P* one Te<ltietion Inrlweeu tlie starling handle 
'haft anci the crankshaft with throw-mil gear to (ire vent <lamage by I Kick- 
fires, Engines can 1 h* suppheil with water tnpes arrauge<l for either 
“IVactor’* or “('usher'* aircraft bngines are ilelivere*! suitable bT “Trac¬ 
tor*’ aircraft unless otherwise .stH*cifie<l, 


SPKCii'u .vrioNS—N ^Pl^:l< lm»x DiKiccr drivi-: 


N I’M HER OF CVLIN‘hi:US..T>Mlvc 
AKkANf iKM KNT—‘riirrc Minks of i'mui 
c.icli. niic verticul, tw<i at (lU*. 
hOKE^Syj ia*. 

STROKIv—5?i. ins. 

IK^RSK POWKK RA’rFI>—in I oun- 
pri*isH»n $iS (ft' 2,f |) m . 5« tr» 1 
ciimpri^ssioM 4,S<) (o, r |)in 
IIOKSI". Pf)NVJCR AVKHAt.K n.i.> (•» I 
compression 540 (ft 2.350 rfuii. 

(f\> 2,580 r.p.m ; 55.8 tc* I c«*m|)n*ssirtn 
473 (ii> 2.000 rpm , .502 <u 2.200 rpm 
DIRECTION OF ROTATION OF AIK- 
SCRKW SIIAIT — Anii-iVskwisc, 
vit^wed fn>m airserrw vml 
IGNITION—Two si>ccial nw|UK*ii>s itiviuK 
dual iRnilinn. Aiiti'OxkwiM' ri>tatioii. 
STARTER—Napier juirol prlmrn* s>'tcin 
and (laiid tun due (rear. 

WEIGHT OF KNlilNK—(‘ijmpletv wiih 
airscrew bt'ss, carburetors induclkm 
pipes and liand tuniinR gcJir. ‘.^15 lbs.. 


'llbjeil tM a pill' t*»UT.mi*l' r»f 10 Ihs. 

If Kiiir Kc.ir .*11 id iK*iri3 pump dnvc' arc 
.llsu rilled. Ihc ueiglkt will be approxe 
match* 025 II is 

Wldfdl’r PICK HORSF POWICR* 

0 2S til I coniprc^siiKii 1 74 lbs. i>u rated 

piWlT. 

5K lu 1 comprc'Hum. 2.03 lbs. on rated 

pim*cr. 

0 35 111 I tomprt'ssMni, 1 (i.t lbs oit aver* 

age piwer at maxi¬ 
mum u>vcd. 

5.8 t" 1 cnmprcssuiii, 1 K.t His. on aver- 

URC iHiwrr at maxi¬ 
mum '|MTd. 

hKN(,TU OVERALL TO CENTER OK 
A(kS( RI'.W_4 ft. 9 in. approx. 

Wliri'll 0\ KKAi.Jy--3 ft. 0 m. approx. 

IIK(<iHT ftVKRAl.L—3 ft .1 in approx. 

OIL CONSUMPTION—Approximately 20 
pints per Ixuir. 


Napier “Cub** Aero Engine—Tins is .i sixtven-cybiuler type id 1,000 
hnrsepuwer that has many nf ihc chariiclcr»slK**' »d ilic Njipicr “Lion** 
engines previously described, 'fhe cylinders are |»rt»vi<le<l with corrugated 
steel water jackets and detach.able aliimiimin cainshafl casings and valve 
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actuatinpf mechanism arc bolted to the cylinder heads. Four valves are used 
per cylinder, each valve being controlled by two coil springs. The masier 
conncvtrng rod, coupled to the pistims in the |Hirt bliMk of cylinders 
f(»rmc<l with lugs on either side to which the aii.KlIiary rods For the pistfuu 
of the other three groiijis of cvlindcrs arc secured. The four tbr<»w crank¬ 
shaft revolves in five roller l»carlugs and a large jdain hearing a. the for¬ 
ward end. The crankcase is of aUirnnuim. siiitahly rihhed for strength 
CiHiliug is hy centrifugal water pump having four oiulels. one f<jr cad* 
hank of ftnir cvlinders. Two twin outlet earl>ureti»rs with water javkeled 
inlet iiiamfold feed pipes arc used. F<uir eighlH*y1iiKler inagnet<is an* us<*d 
f<*r ignition. The sperifienlitms of this engine, which is shown at Fig. 7?>7. 
follow: 

Sm irU ATlOS’S—NAPIKR •'< irir PMCINK 


Nl'MTlRR nr CYI.|\T>i:i<S-Sixi.‘ca 

ANKAN(.rMI*:\T—l•our hk^-ks nl huir 
e.uU, 2 al t«* %oriici«l; i*m 2t»%* 

U'low 1iMriz«>iiUil. 

ms 

S'rK(iKi:-7*; ins 

II(m.'*^KPn\VKR—Raiol l.nftJ hp O-n- 

prrssM>n R:ilir> .S .t in 1 

Idkl'iTlON DP UOT.VriDS* <11* MK* 
SCKRWSHAPT — I'kickwisr viwd 
from airM’fcw rad 

SriCKl) ni* DlTTn—krtluciMm ratm 1 to 
2(14 «d oankduift. 

ItjNITlON^pMiir s|Hi*ial 

dual miMhoti (UK’k«is«- iMialMH* 

OIL CDNSl’MPTlON—IP imixlmirm 
(.024 IP^. aviTftpcI prr lih|i Ihiur nt 
full kiad 


PI*PI- <‘(>K.’^L*MPTlDK-.?2 111 mrist 
mum (4'l Ih swraat ) in*** h he hour 
.il full hiiid 

ST.VK rtCk— Pressure (»as S>si»'m wnli do 

Inlnilum iiMrlMiosm «hi <*ttKior 

WICIDHI DP l^^<.l\l•V2.450 lli^ aeiin.K- 
iin«i1 t'h omildt’i v Milli <iirsr i'i*m )*•'>. 
carhm Hors. intUicl 11*11 joKs, mauiMos. 

si.irinik! distnliuiot t»var nod eijKv 

WICKiHT PKK He—J4.S Ihs 
1.1:.^.Til D\ KKALl. rn CKNI KK Oh* 
AIK5CRPAV-5 ft Hi;, ms appioM 
mih'h 

VVlhTII D\*J:k MJ.-4 u ms ueerovi- 
nuudx 

UldldlT D\’KKAI-!.-5 ft- 4yi ms. :i\f 

liriiximjtcty 


Fiat AS3 Racing Engine—Tlie h'iai engine with which Major Bcrnardi 
recently established the world’s seat>lnne sjieed mord ol .llH.fJ ni.p.li, at 
Venice, is a <lcvclotnneni of the one u.sed in the Schneider cnji race of 
and is designated AS.l. It is shown at Fig. 74.1. The I'iat ASIll engine 
was designed by the Soeicta Auoninia V I.A.'I'.,'rurin, Italy, b*r the Alaedu 
M52 racing seaplanes. It delivers 970 hor>et>ower at 2..''00 and i> a 

development of the well known A20. 410 CV. shown at Fig. 738. Jt is of 
the tweb c-cyllnder 60 degree N’cc wsiter-c*Kded tyjie. Cylinders have a 
145 millimeter hore by J75 niilHmeter stroke. They arc mnchiiied from steel 
forgings with separate wxldecl steel jackets. Four overhead valves ami two 
sparkplugs are u.scd per cylinder. Valve scats and ports are welded into 
the cyliiidcr.s. The compression ratio is 6.5. The valve gear consists of a 
single camshaft over each nm* opcraltng the valves hy inean.s of rocker- 
arms. Camshaft and valve gear are totally enclosed in light alloy casing-*^* 
Two concentric sjirings are jirovided i>cr valve. 

Pistons arc magnesium alloy forgings, 'Phey have flat heads. Three 
rings arc used above the gudgeon pin which floats tu the juston. Connect 
Ing rods are articulated T .section ro<ls. Big ends are of bronzc-backcil 
white metal. Gudgeon pins are locked to the little ends. The crankshaft 
of nickel-chrome steel is of the six-throw seven-bearing type« with e)lip6^' 
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rig:. 737.»Thr«c*Quarter View. Looking from Propeller End of the Sixteen«Cytinder 
X Type Napier ' Cub" Engine Rated at 1,000 Horacpower. 

\vd)s. 1 1 runs nr ljronzc*l»ni*l^o<l ulirlo inclal IH*aring's. 'l‘hc crank* 
is n luriRiH'siuni al?«»y castin^j. All cranksliafl iK’arlnj's except thru si 
and journal at the pro]idler end are carrletl entirely from upper half. 'I'he 
lower half carries two pc scavenger oil ]uiiiips and a centrifugal 

iv]»e water pump. The triple elenienl nil pump is shown at Fij;, 741 ami 
the water pumii at Ftji;. 74-. 



Pig. 73g.-.The PUt Type A20, 410 CV Aero Motor it Typical of Italian Deiign and 

it a Very Practical and Succetaful Type. 
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Auxiliary gearj^ arc all carried in a unit gfcar case attached to the rear 
end of the crankcase. One ]>lain bevel pinion driven by tail-end crankshaft 
drives tvvi» vertical shafts. One passes downward drivin^f the oil pressure 
pump, and through a train of spur gears the oil, scavenger and water 
pumps. Au inlcrmcduite v>onn gear clrives a hnrizontnl shaft for a gaso¬ 
line feed pump. The other vertical shaft first drives two horizonlal shafts 



Fig. 740.^Trantver8e Sectional View of Fiat Aero Engine Showing Large Oil 
Pa wages and Three Section Gear Type Oil Circulating Pump. 

for magnetos, and then tw<» inclined shafts for the camshaft drive. Three 
special duplex Stromherg l>pe carhuretors are tilled hetweeu cylinders, 
each feeding four cylinders, hiductiou branches are walcr-jacketed. 
l..ul>rication is by pressure feed to each crank si k» ft bearing anti thence 
through the shaft to the big ends. Oil is led fr«»jn the rear crankshaft 
bearing to the camshaft. Oil fnuii the camshaft returns over camshaft 
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Pig. 741.~DiagramE Showing Construction of Fiat Triple Section Gear Oil Pump. 

gcurs i>y \\i\\ of tin* jlnvf.^luifl cabinet to the crnnkca'ic. Thr nictlKK) {>f 
oiling; ail J'iut cnjfinrs is slK»wn al ami 74<) aiul Is simple ami 

direct. i'<*r startconi)>rcssv<l air fr<mi a bottle al cijjht atmospheres i> 
passed tlirou^di a carlmrclinj; <lcvire to a gas dislrilmltjr atul thence ti» cyl¬ 
inders on lirint: strokes. A hand magneto tires the mixhire in the cylmders. 
Ovcrall dimension^': len^lli 1 .W nielcrs. (t»i.5 inches); width 0.72 nieicrs, 



Pig. 742.^eetionAl View of Fiat Water Circulating Pump «nth Spring to Keep 

Packing Glands Tight Automatically. 
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(28.3 inches) j height 1.003 meters, (,^9.5 inches). The rated output is 970 
horsepower at 2.5(X) r.p.m. The weight, <lry. is 410 kilograms or 904 pounds 
which is C(iual to 0 423 kilngrams or 003 |Kmtuls per horsepower. 

Issotta^Praschini Vee Type.—Much interest was aroused in aviation 
circles hy the huir cunintenis flight of C'lMuinatukT hVaiiccsco dc Pinedo 
of the Italian Navy, who flew in a Savoia-Marchetli seaplane from Sardinia. 
Italyi to the n‘»rtheru and western coast <»f Africa, across the soiuhern 



Fig. 743.-—The Fiat Record-Breaking Racing Motor Type A$3 Delivers 1,000 CV and 

is a Twelve-Cylinder “Vee” Type. 

Atlantic to lirazil ami Iheiice across itucsjdorctl regions of South America, 
I lie Carrihean Sea ami (iiilf of Mexico to the Vnllcd States. The plane 
11o\vn by de 1‘inedo was ei|uij»i»c<l with two lss<da-Frasi*hini *^Asso 500** 
engines. These engines may 1h* oblanied either direct drive or with a 
reduction gear and in a sjjccial fonn fi»r altittnle flying. The piston dis- 
liaccincnt ts 1.6^1 cubic inches and with a c«nn|>rcssion rath> of 5.5 to 1 
the power oiitjmt is 506 horse) miwct at l.SOO r.p.m. The engine has twelve 
cylinders, arranged in two rows of six. sot at an angle of 60 degrees as 
shown at Fig. 744. Its Iwre i.s 140 and its .stroke 150 inilliinetcrs (5.52 by 
5 91 inches), giving a total doii>laccniont of 27.7 liters or 1,691 cubic inches. 
With a compression rntio of .5.5 it has shown on the brake. 518 horsepower 
at 1,850 r.p.m.. and 543 horsepower at 2,000 r.p.m. 

Each cylimlcr is a sejiarate steel forging ami has the sheet metal water 
jacket weldeci to it. 'Phe head of the cylimlerH has flat top and bottom 
surfaces, and the hnir valves have their .seats <lirectly in the metal thereof. 
The cylinder head is n single ahiiniunm casting to which the cylinders are 
bolted, making an extremely siifl* assemldy. Owling water jmsscs from 
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the c>lt«<Jer jackets to the head jacket throiii^h holes in both parts. 
special type jjasket bciii); used to effect a \vater-li|;ht joint. The rediii 
ifiK ^'•car fiiniisliefi lias a rcMliiction ratio of J.17 In 1. In the special alliiiwU 
type, while the j^^encral <liiiu*nsu>ns ure the same. I he cninpression ratio iv 
increased to seven :uid a siHTial arraii^emenl is provided whercl>y tlir 
engine is automatically throttled at ground level, the tlcgree of throttling 
decreasing jprogressively until at l.^.tXK) feet altitude the throttle is ful1\ 
opened. iCngine ])nwer is therefore kej»t c< instant from the ground up ii> 
15,000 feet altitude. 



Fi^. 744.~luotu-Fra8chim *'Auo 500** Aviation Engine. Another Popular Italian 

Tvelve-Cylinder '*Vee" Design. 

The inlet camshafts are driven through two inclined hollow shafts, ami 
the bevel gears driving these shafts, as w<dl as the spur gears througlt 
which the e.xhau.st camshafts are driven fmiii the fonner, are faslene<i to 
their rc.spective shafts hy means of s]>liMe<] joints comprising involute 
splines. The valves are held on their seats ?>y two concentric coiled stiring'i 
each, the two springs lieing wound right' and left-hand, respectively, where¬ 
by interference l>ct\vccn them is said l«> he obviated. 

The crankshaft is a chrome nickel steel forging, heat-treated, which 
combines high tensile strength with great surface hardness and consecptenl 
resistance to wear. It is siipjMirtcd in eight bearings, one on each side of 
each throw, and an additional bearing at the rear close tt> the propeller huh. 
Between the two rear bearings is located a double-direction ball thrust 
hearing which lakes propeller thrust in IkuH directions. All crankshaft 
bearings arc of the conventional bronze-back, babbitt-lined type. 1 he 
crankshaft is drilled through fnun end to en<h for lightness ami for the 
distribuli<ju of oil. 

Pistons are metal mould ca.**tings of aluminum alloy as shown at Fig. 
745, they arc heat-treated fannealcfl) and arc of very low weight. Each 




ISUTTA FK.\SCH1N1 ENGINES 


1551 


piston carries four rast-iron piston the lowenmist of the^e bein^ an 

oil scraper rin^. from the |fr<H»ve of u'hich the excess oil returns to the 
crankcase through a numlicr of drill holes in the wall i>f the piston skirt. 
The piston pin floats. The pistons of each pair of cylinders having axes 
in the same transverse plane c<mncrt to the same craiikpin. one directly 
ihrough a master connecting rod, the ^>lh<T through a sln»rter rod articu¬ 
lated to the master rucl. The articiilalc«l riwl has a hearing on a hardened 
pin fastened into two drilled lugs fonMe<t «»n the master rod hea<l. Iloth 
connecting rods are «>f 1 section, and the ina.^lcr rod is siitTciied by two ribs. 


Va)v9 Gear Cover 
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circulated the centrifii^nl and tiu* heal supply through the \v;\{v' 

jackets can be rc^juiated at will l»y ilie pilot. 'J’luy arc als<» provided wm 
an altitude c<»rrccl4»r to counteract the tendency *»i the mixture to bectain 
over-rich with increasinfi: levity of the atniosphtTc akiludes. FncJ 

i.s*fcd to the carburetors by t\v«» gasoline pumps mounted <m an exlciisicM. 
of the mapnoio bracket and driven from the cn|»ine. J^jnilion is by 
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Fig. 745 A end B.---The Eighteen^CyUnder Isotta Fraschini AS SO 1000 W Typ« 
Water-Cooled Engine Hat Three Banka ol Sis Cylinders Each. 

twelve-cylinder mapieto.s. each cylinder beiiij' |»rnvlcled with two spark* 
plujjs. and each ]>lntf cemnected by a cable to one of the magnetos. '1 he 
magiiel<»s arc driven ihrmigh flexible ctmplings of a type which hHovn'' 
of very close adjustment of their timing, and both arc controlled as to 
time by a single lever. 
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Fill) pressure lubricatum is effected by means of a triple putii)); one scc- 
lioii of the pump dmws oil from the reservoir and forces it tliroujjli the 
various leads to the l^ca^inR's; the sccoml <lrau's <dl from the forward, and 
llie third from the rearward cud ai the sum]>. !K»lh forcing the oil ihroug'h 
a filler of l.irpe surface area and disch.'tr^jiri^ liilo the reservoir. The reser¬ 
voir is very accc.ssibic for iuspcclion and cleaning. The tri])lc oil pump is 
localctl inside tl»c lower half of the crankcase at its rear end. and can be 



Piff. 745C.-^View at A Shows the Caprom C« 79 Biplane Which Has a Lower Wing 
Span of 80 Feet and a Gross Weight of Twelve Tons. It is Pitted with Pour Isotta 
Praachini ASSO 500 Engines Which Gives It 2000 H^sepower. B Shows the Method 
of Installing the Engines. The X^ge Sise of This Airplane can be Better Understood 
Comparing it with the Men Standing Under the Lower Wing in the Upper 

Illustration. 

easily removed when required. A pressure-relief valve is com blued with 
liic pump. Q'ooVwg water is circulalcd by a cvntrifuiial pump with double 
<Hitlet. for conncctiim to the two rows of cylinders. Slartinjf is effected by 
means of compressed air which carries ^soHne vajxifs in suspensum. The 
air is distributed to the diffcreiil cylinders by a nqary distributing’ valve 
which is driven through bevel gears from ihc vertical shaft of the timing 
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gear. The compressed air is either taken fn»m a reservoir carried on boarti 
or may be supplied by a separate molor-com press or group. The weight o) 
the engine, dry and withemt propeller hub. is 880p«mnds. and with pn^pellri 
hub. ^^24 pounds. This is equivalent to 1.6*> pounds i>cr horsepower ;(t 
maximum and 1.78 |mhui<Is at normal output. A .sectional view oi the engiiu* 
is given at Fig. 745. this showing the valve operating niechanisnv and cylin¬ 
der construction very clearly. 

Isotla Fraschiui is among tlie very few companies disposing of a varicis 
of motors large enough to At any conceivable type of airplane. The gradua¬ 
tion giws from 80 hp. up to 1200 hp. lloth water-ciKiling and air-ccHding arc 
use<l accor<ling lo the ty|ie of engine, a ml all the larger ni<itors arc lieing fur¬ 
nished either with or without retluctiou gears. 

The world-wi<lc rejmtation enjoverl by Tsotta Kraschini has lieen gradually 
built up at the jirice of i^tieut aiul sonunimes extremely ct>slly efTorts: since 
the very l)egmning Isotta l'ra.s<hini hiis ainud at a maximum of jh)wct i>cr 
pound of weight coinl)ine<l with a miinmutn of fuel consumpiMin, a rerluonl 
cross section area of engine and an absolute reliability in oixratiim. The ('om- 
])any fetds tluil this go<d has \kv\\ reached for all of the nimlels which are n<»w 
in production. In counc'ction with tlw fact<»r "weight." it may Ik* of intere^l 
to |K)int out that Isotta Fraschini has U*en tiK first company in J mi rope to make 
an ex ten .si ve use of elc*ciroii, which is an os|H*crally light magnesium alh*y 
whose weight ratio to that of alumimitn is 1,8 to .T ‘riie advantages of tins 
alloy provc<l imivirtanl enough to make it iu*ccssary fi>r Isotta Fraschini to erect 
a special foundry f(»r electron castings At jircMiit practically all Ihc jwrts whicli 
were formerly in heavier aluminum alloys are cK'Ctron eastings or forgings. 

l.sotta h'ra.schini Ivis develo]Ksl a cimi])lete .siTies (»f engines so as U* meet 
all tw)ssiljle requirements Isith for ixiwer and service. J^ach .single engine of 
the "ASSO" group lias l»een dcvelopcxi for a very definite purjsjse and 
with a view to solving some s|Ks:iAc problem couikx'UhI with the devch»[jineiU 
of new airplanes. Ihiwever, the engines of the "AS.SCl" group have cer¬ 
tain characteristics in cuminon. and this fundamentat idea, tc^'ther with that 
of an amazing simfdictty of Hues and details, is carried throug^h so systematically 
that the knowledge of one of the many ty]x:s imjdies automat ically a suflicleiit 
understanding of all the fMiiiu.s which make for a correct maintenance of any 
of the other engines of the "ASSO" family. ITw principle involved is of course 
of an umleniable practical value Ixilh to military and commercial aviati(m. in¬ 
asmuch as it greatly retluces the difficulties connected vsiih the efficiency re¬ 
quires! of the mechanics in charge of inaintenauce. Furthermore, it is obvious 
that said principle wou]<l bring enormous advantages to a military aviation whicli 
would adopt for its various tyi>es of planes (observation, fighting, da>- 
bombing, night-bombing, etc.) the ctirres^xinding engines of the “ASSfV* 
family. Italian aviation, which is using many thon.sands of these cngniirs 
has in fact alrea<(y greatly iMmefitefl lioth in c>peratiun an<l maintenattcc by 
the similarity of design and construction which is peculiar to all types 
which form the “ASSO" group. 

Somc of the engines, for example: 

The "ASSO" 20a.hp. 

" " 500-hp. 

" 500-hp. Hi (with reduction gear) 
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The ‘‘ASSO*' SOO-hp. AQ (super•coaiprwsed for altitude work) 

‘‘ 750-hp. 

" “ inoo-hp. 

“ 1200-h)>. Ri (with reduction gear) 

have many parts which are intcrchangcahle. as, for instance, the pistons, the 
cylinders together with the cylinder heads, valve gears, camshafts, valves aiul 
springs, etc.. a.s well as the oil an<l ihi’ lf»wfr parts of llie crankcase. 

The priuciiial cliaracteristics are tabulated on |iage ISSS. 


OUFSTIOXS FOR RFVIF.W 

'What ifi an importiint fnrior ti» Ih* conddcml in nvisili^w enf^inc drsi|;n? 

2. What arc future t»osMl)lc <lrvrlc*i«nenls in aviainm oninnc df'^ijni’ 

3. Dcurnlie iIh* Junker f.5 aviaiion cnpnv. 

5. Name Mmu* ilKiinctive fealiirr^ of .\ l)C Ninilms cuKine 

S. Wlut distinctive feature characterires the Ucanlmore six-cylimler cnginr* 

(• Dcscnlie r»i>cration of the A.M Fuel tmiuj* 

7. flow <foci> the Faoliard aviation enKme differ from olherh*' 

8. What IS the difTe ce lietwwn the HtAU Royce ty|»e F and Omdor acr<i eiitfmr'* 
0 Whui lyjH’ Ilf od cleaner is nsed uii KenanU eiiKone^^ 

lU. What is the distiuciivc characienbtic of the Salmsun water-cooled entitle? 


CHAPTER XL 


WATER-COOLED ENGINE INSTALLATION 

Deiifning Water-Cooled Engines Into Aircraft^Air ResiiUnce Characterutics of 
Engine*—Value of Inverted Engine*—Conventional Engine Placing—Cantilever 
Motor Mounts of Tubing—Placing of Pilot Relative to Engine—Mounting 
Engines in Wing*—Properties of Steel for Engine Mount Constructioiv—Nature 
of Duralumin—Properties of Duralumin—Preventing Corrosion of Metal- 
Effects of Radiator Position on Airplane—Plight Control of Cooling Capacity- 
Altitude Effects on Performance—Cooling Systems, Specifications for Installation 
—U. S. Air Service Engine Instalbtion Specifications—Engine Mounting—Engine 
Controls—Lubricating System—Cowling—Ignition—Fuel System—Leakproof 

Tanks—Crashproof Tanks—Exhaust System—Plumbing Troubles—Causes of 
Airplane Accidents—Fuel Tanks and Supply System*—Fuel Pumps—A.C. Fuel 
Pump—Pressure System has Fire Hazard*—Oil and Fuel Tank Location—Dur* 
alumin Fuel Tank*—Unpacking Curtiu D12 Engine—Installation of Curtiss 
D12 Engine—Wiring and Controls—Cooling System—Water and Denatured 
Alcohol Anti-freezing Mixture—Clycenne and Water Anti-freezing Mixture- 
Mounting Propeller on Curtiss DI2 Engine—Lubricating System. Curtisi D12— 
Operation of D12 Engine—Starting Procedure—Observations at Start—Oil 
Pressure Regulation—Carburetor Setting^Care of Dl2 Engine in Storage- 
Details of Engine Control. 

Designing Water-Cooled Engines Into Aircraft.* -M4»s( tif tlic single 
engine aiq»lancs of late ^lesign tisiiig \vatcr-c<K*le*l engines have poucrplants 
ranging from 400 to (jOO htirse|KAvcr. espeeially ihtjse in tern led for air mail 
nr exj^rchs or jiassengcr carrying, and also the ty|)i'.s for military service. 
Now lhal there arc various tyjies and makes of engines lo select from, the 
engine is clesignetl into the airplane instead of the slructnrc heing designed 
around the engine as was fonnerlt done when only a few types of engines 
were available. The iwelve-cylimkr We lyi>c engine is l>y far the most 
poi)nlar and it can he had in direct drive and gearetl dowti types, as well 
as in designs that can he installed nilU the cylinders inverted- An iin- 
liortanl consi<k'ration Is propulsive efficiency and the streamlining td the 
kisciage front emi is important so that a nimimnm amount of the propeller 
<lisc area will he masked hy the cowling nrouml the engine. 

There is also another inilncncc and that is the vision ohlainc<l hy the 
(dl(jt directly ahead and als(» directly dtnvn to insure good landings. Inflec¬ 
tive streamlining of the ('uriiss engine in the Hawk seajdane reduces the 
loss of propulsive pull of the aerial screw hy having a miiminim masked 
area. The various airplanes shown at Kig. 746 show how the various types 
of engines may he installe<l t<i secure giiml streamlining, vi.sum and reason¬ 
able aerodynamical efficiency. The conventional direct drive motor is 
installed in the strnclnre .sl>()wn at A. It will he seen that in order to ob¬ 
tain good vision ihat the engine crankshaft, which is silsti the center line of 
propulsive, or rather tractive ciTort comes well below the center of the 
biplane cellule, where one may assume the center of gravity of the entire 
structure to he located. 

When a geared form of engine is installed, it will he apparent that with 
the same engine location as at .A. Fig. 746, the center line of tractive effort 

t&&7 
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is raised in H by raising the ])ro|)ener driveshaft center line so it mor<* 
nearly coincides with the assumed center of gravity. Besides the advan- 
tage of bringing the line of thrust higher, the type of engine shown in B 
permits of higher horsepower output for the same weight because the en¬ 
gine can be run faster and also makes for higher propeller efficiency because 


Screwiurns.af ,'ConvsntH^IV 



Oif^c t dr I ¥€ mofor 
con ¥tf7 ftonaf insfaffafton 


Propeller poll qreaflv below 
centerorcellule 


'L ar^e diompier screw 
shwer than eo^ir>e 



Propeller pull sliahtly belov 
center of cellule 


' Dire c f dri ve screw 
tvrrrs ai engine speed 

I Crankshaff tine 



invert 
motor 


Propeller poll or line of power 
opplicoHon at center of cellule 


Pif. 746.^Diaframi Showing Installation of Varioua Types of Water-Cooled Enpnes 
in Puaelage to Secure Good Viaion and Proper Aerodynamical Advantagea. A*»Direct 
Drive Propeller. B Gear Drive Propeller. C^Inverted Crankahaft, Direct Drive 

Type. 
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a Jargfer diameter and slower screw can he used with a geared engine than 
with a direct drive (orm. 

In «’i fast plane where niaximtitn lunncnivcralnlity is sought, as in the 
single sealer shown at Fig. 74(» C', a coincidence of the tractive effort line 
and the center of gravity is jH»ssilde hy using an inverted engine and aero- 

is nl>fained \\ithoiit greatly sacrificing the factor of 
vision by carefully streamlining the front of the fuselage. 

Air Resistance Characteristics of Engines.—Some interesting figures 
were given hv Grover ('. I.ocniiig. ]>ioncer aeronautical engineer an<l in¬ 
ventor of the amphibian land an<l seaplane in a paper read before the S. A. 
b.. in which some inlcresltug conclusions were reached ami results tahu- 
latcd. 

One might condense the general sentiment of the aviation world with 
regard to fast machines hy ]Munting out that the light-weight high-powered 
ra<lial air-ctioleci engines are generally ccmsi<lered the ctmiing lyjie for smaU 
fast c<»mmereiai aircraft: while the large, heavy high-jxiwered water-cooled 
engines arc generally placed in large, sUuv, load-carrying airplanes. Fur¬ 
ther than this, there is a distinct tendency on the part id engine builders 
to sacrifice some details for Ihe ]>urpose of lightening the weight of the 
engine, "dry.” in |H»unds per lu»rsciH)wer. The engine builder is only too 
likely to think that he has reache<l the goal re^juired by the aircraft builder 
if he can make this figure low enough. Mr. I.oening proposed to demon¬ 
strate that this altitinlc is not only eiTonecnts. but actually tends to the 
development for aircraft of enginc.s that are very undesirable for several 
important reasons. 

It M’ill Ijo found on proper consideration that we do not penalize engines 
by placing them in different types <»f aircraft, and arc thus justified in con¬ 
sidering figures on a unit horse|Kiwer basis. 

It has been found quite couclusivclv on many tyjics of aircraft using 
water-cooletl engines ihal, no matter where the raitiator i.s placed, a certain 
amount of head resistance must be expended to get cooling, .since the air 
must pass through the radiator. I'lacing the radiator in front of an engine, 
in an effort to combine the resistance of the two, merely makes it neces¬ 
sary to a<ld to the size of the radiat<»r by exactly the anmunt that the pres¬ 
ence of the engine behind it bhicks circulation. This is particularly true 
of the Liberty engine when mounted on the De Haviland-Foiir. A review 
of the sizes of various well-jdaced radiators gives the value.s for frontal 
areas presented below. 

This reduction in size of radiator, of course, involves the consideration 
that on a high-speed machine the radiator be retractable. 



Frontal 


Spml, 

Area of Radiator, 

Lifi/Drift 

m.hp. 

per Horsepower 

Raiin 


s(|. in. 


50 

2.5 

1 to 8 

100 

2.0 

\ to 11 

ISO 

1.5 

1 to n 

200 

1.0 

1 to 10 
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Mr. Loenin^ made some computations and presented a chart in develop¬ 
ing his discitssion that permitted an interesting demonstration when the 
figures (or the Curtiss C12 were used for an example and assumed first that 
by laborious work the weight of the engine was reduced to one-half its 
amount, which it is very doubtful coul<l ever even be approached in this 
type of engine. Assuinijig such an extreme, however, we find the resistance 
per h<irscpowcr, when reduced as shown, penuits an increase in s)>cefl from 
232 to 241 miles per Innir «»r <iiily nine miles per hour. On the other hand, 
we can take this same engine and asMiinc that. keei>ing its weight the same, 
we modify Its structure si» as to halve the head resistance cd ilte engine 
itself, <lue to its shape, ^'his change, which is entirely within the realm of 
pos.'^ihilily, wmild Increase the si<ecd U* i'K) miles per hour, and woul<l show 
that if >ve cmild get a 42()-h<irsepo\vcr engine with a cross-sectional area 
jiermitfing a g^cKxl .shajie that winiUl not be much over two feet higli and 
nine inches \vi«le, we could appri»ach a .speed of .“VM) miles per hour, Kven 
atiniilling that some of the assumptions made necessary to derive lliis *.inc 
of reasoning' are ajd to vary, we nevertheless find a lesson of the greatest 
iniiH^rtance which promises much in the future of aviatitm. This shows 
how tnucli more inip<»rtant the head resistance of an eng'iiic is than :ts 
weigltt. Mr. l.ociiing urged Hie builders, therefore, to abandon iheir un¬ 
warranted race fo;* lighter weight jicr horsepower, bringing with it tre 
nienrl<ms expense in coustructnm. a lack of relialnllty ami innumerable 
difficullics in service, ami suggested that they begin on a new line ofTering 
far greater tHissibilitics by making the shape ami clisjiosition of Ibcir en¬ 
gines more .suitaide to airplanes, with low head resistance c<m.sulcre(l as a 
fumlanienlal- An engine of siifTicirutly wcll-stinlicd shape will permit 
greater weight, more reliability, and less construction expense without a 
.sacrifice <d aoriKlynaniical efficiency. Mr, I.ocning has been an advocate 
(if inverted cylinder Vee engines for some time past and scmie models of the 
Amphibian, which is the product of his genius, use an engine with the 
crankshaft pl?ice<l above the cylinders. This type permits the use of a 
larg'cr diameter tractor .screw and also materially lowers the center of grav¬ 
ity of the ptiwerplaiit. Other models arc equlpiicd with radial cylinder air¬ 
cooled engines. 

Value of Inverted Engines.—An invcrte<l engine when used in airplanes, 
posscs.ses four m;ijf»r advantages. Tirsl, in the usual tyjie of single-engine 
tractor airplane, the pilot’s vision straight ahead is seriously obscured by 
the cylinders and cowling (d either a Vee-tyjxj or a large radial-tvfH* engine. 
He is jjractically compelled to swing the airplane from its true course to 
obtain a view along the normal line of flight. It is unthinkable that poor 
vision dead-ahead, such as this, will be tolerated when the air is as full of 
airplanes as \vc cxiiecl it to be iu the future. Collisions iu the air, even 
today, are far more nuincnms than would he the case if poor vi.sibility con¬ 
ditions did not exist. With an inverted engine, as shown in Fig- 746 C, the 
cowling in front o{ the pilot can be made in slope to meet the line of the 
propeller-hub, iu this way. favorable vLsion can be secured. The second 
major advantage of the inverted engine lies in the high center of thrust 
that ensures better flying (pialities, in that it offsets the tendency of the air¬ 
plane to climb when full power is on. This is also shown in illustration. 
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The additional propel ler-ti|> clearance is also desirable from a consideration 
of taxiing over rough groiiiul and, in some cases, removes the limitation 
on the diameter of the pn>pellcr that would otherwise exist with a direct 
drive, conventional installation as shown at J'ig. 7A(i C and to a lesser de- 
gree with a geared drive screw installed in an engine with ii])right cylinders. 

A third point in favor of the inverted engine is its accessibility to a 
tncchanic working on the ground. H the engine mounting is properly de* 
signed and the cowling suitably arranged, the engine can he readily worked 
on from the groiin*! without the necessity h»r slepladilers and lUhcr equip¬ 
ment. Pnrthcrmore. the cr.inkcase covers cun he renuived and the hearings 
examined, should this he desirable. 




Cu«ui pUtfS 


br.>r«« lor mo1u< bed 

• I 

bed.iubp^ 

n 



•/ CompfMsion br«ce$ 
for molor bed iwbe& 


WeldeP lorrS 


^ fwfiage longerofl Welded tube duster 


Fi^. 747.'—Typical Motor Mount for Curtiss 0X5 Motor Made of Braced and Welded 

Alloy Steel Tubing. 


The fourth |KHnl in favor of tin* iiivertnl engine h;is regard lo the location 
of the carburetors that, in many inslallations. will allow gravity fuel-feed 
and wdll avoid the use uf complicalcfl piping and puinjung arrange¬ 
ments. The fire risk is also diminished to a certain extent with this ar¬ 
rangement, for gasoline leaks arc confined to the extreme l>ott<un of the 
installation, and covering the whole exterior of the engine with gasoline, 
as is normally the case, xs not pos.^ihle. a.s any leakage of fuel will drip off 
to the ground or into suitable catch basins or tanks intended to receive it, 
Conventional Engine Placing.—In installing the conventional type of 
aviation engine of the twelve-cylinder Vee water-cooled form, modern 
practice is to use a simple frame made up of alloy steel tubing welded to 
fittings to form suitable joints ns shown at Fig. 747 which shows a typical 
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mounting for an 0X5 motor. The engine bed tiil>es are supported by 
double braces in the form of triangular assemblies these in turn being 
braced to the front end of the fuselage frame by substantial diagonals ex¬ 
tending from the top fu^elagc longeron tubes to triangular bracing mem¬ 
bers under the engine supiH>rt tubes. These latter are horizontally placed 
and arc pierced with holes to receive the engine bed bolts. It will be noted 
that the tube is not weakened appreciably because steel tube ferrules arc 
driven into the bolt boles and are welded to the top and Ixutom walls of 
the engine bed sn)>ports. The attention of the reader is directed ti> the 
gus.set plates at the c<»rucrs where the engine supporting frame joins the 
fuselage tubes, also at the |K>ints of juncture of the <[iagonal tubes and bed 
support braces. 1'hc gusset plates arc welded in place and greatly increase 
the strength of the joints. 


Monel meiel 
weterjeckel 


Air &cr«w hub 
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manifold 
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' \Weter 
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-Cerburetor 

'^Air inttKt to cerburetor 


Fig. 747A.—Type of Motor. Ciutiu OX Serice Mounted on Engine Support Shown at 

Fig. 747. 


Cantilever Motor Mounts of Tubing.-^ A not her installation of inerii is 
shown at Fig. 748. This also is composed of alloy steel tubes welded into 
a substantially braced assembly. This differs from that design shown at 
Fig. 747 however, in that the entire engine supporting frame may he re¬ 
moved from the fuselage front cud by removing four bolts, one at each 
comer of the fuselage, clearly indicated in the illustration. Substantial fit¬ 
tings having projecting ears form the corners of the fuselage and the yoked 
ends of the engine supi>i>rt frame tubes fit these cars. The frame illustrated 
is used on the Gates-Day New' Standard biplane. The engine is nn eight- 
cylinder ilispanorSuiza. It will be observed that w«hkI filler pieces are 
placed between the engine sup(>ortiug arms and the steel tubes forming the 
engine bed to absorb engine vibration. This illustration is also of value 
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because it shows the radiator and oil tank installation» also the simple oil 
and water piping made possible by the i>lacing of the water pumi* relative 
to the radiator and the engine oil pump relative to the oil tank. T)te method 
of hanging the radiator by lugs at the top and a strap at the bollnm is also 
depicted. 

The six-cyliiHler-iu-line engine is a form that lends itself readily to in- 
staUatioii in the airplane fuselage. A typical foreign application,—that of 
the Albatm.ss 1.75 is shown at Fig. 749. As wd!l he seen from the illustra- 



Fig. 748.^Motor and Radiator Mount of Gateo>Day New Standard Biplane ii of the 
Cantilever Type, Built of AUoy Steel Tubing Welded and Braced at Joints and 
Atuched to Fittings at Front Fuselage Bulkhead by Bolts. Note Method <4 Bracing 

by Diagonal Tubes and Welded Gusset Plates. 

tion the usual braced cantilever beam type of engine suiiiiorting frame made 
of steel tubing is attached to the front end of the fuselage longerons. The 
engine supporting frame is detachable. A .siipjdementary tubular section 
frame carrying the aluminum nose piece and a ring encircling the proi>cller 
shaft .shown facilitates attaching the hood cowling which is removable to 
give ready access to all parts of the engine, which is expo.sed as shown in 
the illustration when the cowling is removed. The location of the radiator, 
fuel and oil tanks and various auxiliary elements are clearly .shown in this 
view. The six'cybndcr engine is a i>opular type in Germany and many 
airplanes use .such engines for power. 

Another interesting foreign installation is shown at Fig. 750. This is 
the front end of a Diirnier-Merkur. powered with a twelve-cylinder Vcc 
BMW motor of the water-C(W)1ed type. In this case the cowling is so 
arranged that the top cover, which is held by hinges at the rear may be 
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tilted up and back as shown and the side cowls folded back to permit a 
workman stan<ling inside the enp^ine compartnient if work on the top of 
the enjjine is necessary. The locution of the shuttered radiator below the 
nose of the fuselage where it is exposed to the airstream is also shown in 
this view. 

Placing of Pilot Relative to Engine.—In practically all European trans« 
])ort«arrplanci> the pilot sits directly behind the engine. While this position 
affords him better visibility and simplifies the controls leading U> the engine 
section, it has the two disativantages that (h) the ]iri>b1ein of prii[>er Italnncc 
for both the ftdi-loud and empty coiulllions is troublesome, and (b) the 
danger to the pilot in the event of a crash is acute, h'or night Hying anrl 



Fig. 749.—Cantilever Engine Mount of Steel Tubing Used on Albatross 75 Airplane. 

Note Auxiliary Frame of Light Steel Tubing to Which Cowl is Attached. 

for flying with bad weather conditions In inoiintainouK country, most (d the 
Air Mail pilots prefer to sit far aft. The disa<lvantages of the position afl 
are that (a) all ccnitrols to the engine sectiem must be carried b)rward under 
the floor; (b) visibility is not so gootl as it should be* although in this case 
it works out fairly well, particularly as an adjustable seat is provided; and 
(c) it is <lifficnll to heat the cockjiit properly. In an airplane with as many 
controls as are necessary on the mail plane, the location of the cngiiie-sec- 
tion controls under the floor creates a very troublesome condition, althougli 
the use of Ahrens control-units eliminated much of the work and mainte¬ 
nance trouble incidental to the use of bellcranWs. 

In this country, the pilot of large transport planes is usually t>laccc! for¬ 
ward of the passenger cabin and hack of the nose motor in order to give 
him the proper vision. In small commercial airplanes of the open cockpit 
tytie, the pilot sits in the rear cockpit and the passengers, who are located 
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on the approximate center of pressure, sit in the front cockpit and back of 
the engine. In small cabin jdanes, the pitot is usually forward of the pas¬ 
sengers and back of the engine. 

Mounting Engines in Wings.—Recently, three separate projects 


con¬ 


sidering the use of no less than 10,000 horsepower in a single plane were 



Fig. 7S0.^Engine InttaUation in Donuer *‘Merkur** Monoplane Hu Hinged Cowl to 
Cover Motor and Folding Side Panels that Give Ready Access for Top Overhaul, at 

Shown in Illustration. 


announced and we must consider .such designs as indicative of what we may 
exi)ect in the future. The designs of these tremendously large planes are 
all of the thick-wing cantilever monoplane type, with cabins and engine 
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rooms enclosed in the wings. The dCsSigns include multiple powcrplants, 
in some cases w'ith tractor propellers mounted in front of the leading edge 
and in other cases with pusher propellers aft of the trailing edge. Although 
such designs seem fantastic to us at the present writing we must realize 
that the general traveling puldic w'ill not1>e aide to take advantage of aerial 
transportation on a large scale until such planes actually are huilt and are 
operating safely. One man with su|)erh courage proved that he could cross 
the Atlantic alone in a flight from New York to Paris. That was a very 
thrilling cpisiwle hut, so far as pnldic utilization of air travel is concerned, 
in the (»]>initius (d learling aeronautiral engineers, as reflected hy di»vussi<iiis 
printed in the ,V. /f. H. Jounuii, we need planes ca]»aldc of cro.ssing the Atlan¬ 
tic with at least 100 passengers. Such planes will demand cm^rjminsly 
powerfnl engines, and it is inconceivable that the great parasitic-resist a nee 
of many externally mounted air-ciKiled ^xjwerplants can be permitted- J'ur- 
ther, the necti for convenient access to the engine for minor repairs and 
adju.stments during flight will also re<)iiire that the engines he suitably 
housed within the wing, which lea<1s naturally (o the conclusion that the 
engines should Iki water cooled. 

An additional good reason for the u>c of the w*atcr-c<K>]cd engine relat>*s 
to ice formation on the wings and fuselages of jdanes, which is recognized 
as a serious handicap in transatlantic flights. \Vhilc it is perha]>s too carl/ 
to make a positive assertion of this nature, it seems that if the plane were 
equi])pcd wdlh the wing-skin tyjic <if radiator it W'cjiild l»c feasddc to prevent 
ICC formation. e5i>erially since il has l»een shown that the dangerous clTecis 
of this phcnomcmin are confined to restn'cu*<l |H)rtlons of the w ings, notably 
at the leading edge. The danger is believed U» exist tmly within a rather 
limited range of lem]H.Taturc and an e<|ually limited zone of saturaliun of 
the atmosphere wnth water vajHir. Presuniahly. ice is formed as a result 
of either absorption of latent heat through evaiMiration on such surfaces 
of the wings as are subjected to sul>-atiuospheric pres.siires or of local in¬ 
crease in pressures which, incurring in a saturatc<l atmosphere, naturally 
would result in condensation. Regardless of the cause, the problem is 
definitely with us. and its solution cannot he shirkeil if we are to have year- 
round flying over all conceivable routes. In this connection it should be 
realized that the formation of icc is not confined to the surfaces of the 
wings; it also takes place on all ex]>osed jnirts of the air]dane. including the 
propeller blades. 

Although many aeronautic authorities are agreed on the feasibility of 
the giant thick-wing monoplane, progress in this tlirection naturally is ham¬ 
pered by the enormous amount of money retjuired for .such an undertaking. 
In this respect the situation is very similar to that of large dirigible de¬ 
velopment, w'hich is being greatly retarded by difficulty in interesting capi¬ 
tal in such ventures. One of the chief reasons for the rapidity in grow'th of 
commercial aviation along present lines is that such planes as arc now being 
used can he built for a very modest cx|)ciidilure, such as {JI.VOOO or $20,000, 
and it would require 200 or 300 limes us much money to construct a large 
dirigible or an airplane of the \asi size cunteiuplated. I'owcrplants inside 
the wings are being con.sidered by Junkers, Kohrbach and other European 
designers. 
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Properties o( Steel for En^ne Mount Construction.*—Steel is used in 
many parts of the airplane fuselaj^e and espetnally fur engine mountings 
as illustrated in Figs. 747 to 750 inclusive and while there has been a wide 
range of ferrous alloys to chiiosc from, ciigiuccrs have felt that most useful 
purposes would he served hy coucentratiug <in the use of a relatively small 
number of alloys. The properties nf steel tubing, compared to those of 
duralumin, a.s recumnien<le<l by the S. A. K. are such that practically all 
needs may be met without railical dci»arture from the strength values given. 

The adoption of .s)>ecific strength values for structural materials filled a 
long-felt want of the designer an<l eliminaled many points of controversy 
that have always existed between dilTcreut sch<H»ls of metallurgists and de¬ 
sign cr.s. These values arc .stunmarked below, all values being in pounds 
per square inch of sectional area. 

COLD hOlXKI) MICOITM ( ARBdN STHKI. fSAK 1025) 
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The steel work of a fuselapr^. especially fittings, being highly stressed, 
it is especially necessary lo protect it against salt water corrosion when 
used in scaidaiics. This may be done by a variety of processes, some dc* 
pending oji electrical dqiosiiion of ii<»nc<»rrosfve metals or by painting the 
tubes and fittings with ciianiels or rust resisting cornjxmnds. 

Nature of Duralumin.—Durahiiniii is an aluminum alloy containing cop* 
per. manganese aiul magnesium. Its strength and toughness are compar* 
able with th<isc mdcl steel, and are obtained with a specific gravity id 
2-81 as against 7^80 for steel. The melling-|H»int is approximately 655 de¬ 
grees Ceiilig^ra<le (1,211 degrees l•*a!^^cnhet^). the rocaleM*encc-])uint is 520 
tlegrees C cnligraile degrees l*abrciiheii>, the annealing lemperaturc 
is Hi))»roxijnnlely 3 <j 0 degrees Centigrade (f»K0 ilegrees Kuhrenheil) ant) the 
coefbeient of cxpaiisicm is 0-OCXMJ225 i»cr degree of Icniperalnrc Centigrade 
(1,8 degrees l‘*ahrenlieit). n'be cheuiical comt»oMtion of ibc all<jy varies 
within llie following limits: ci^piwr, three to five per cent: magnesium. 0..’i 
tfj 0.6 per cent: mauguiioe, OA to 1.0 per rgiii: and the rcinaimler is aluiui- 
luim phis inijiuritics. .^luall ([iiaiililies of other metals are a<lded .sometimes 
for certain .specific reasons, loir instance, chromium can be added to in¬ 
crease tlic burnishing (pialitics of the metal. 

The relative niodulus elasticity <d <lnruhiniin Is about onc-third that 
of .sled. 'J'he Itureaii of Standards gives its value as being between 
10,0(K).000 and 1 l.dtKMKK) poiimls per septare iiicb. Sled is <|uoiefl generally 
as havinga modnbis of elasticity of 2^/.(XXMXX) ponmls per spuare inch. 

In dnrainmrn fcjrgiiigs >^hcre the .sectkni.s arc heavy, it is ailvisablr to 
lower the nnninnim tensile-strengMh re4(tiircinents to 5<M)()0 ]Hninds ]>cr 
a<|uare incli; a j>roj)oriioiial increase in elongation will be found. Diiralii- 
min is inialTecled by mercury, Is ncmmagnetic, wilbstands alniovpheric 
induenccs an<l <»frcrs a remarkable resistance to se^a and fresh water if prop 
erly jirolccled. It does n<»l tarnish in the i>rescnccnf sulpliurete<l hydrogen ; 
and it takes a ]Mihsb e<|nal to inckel-|>lating and reinaiii.s bright without 
cleaning hniger than any ]date<l or silvcretl article. It is the ideal substitute 
for aluminum, ticniian silver, brass, c<‘ii]>er, nickel-jdatcd and silvered 
articles, and is the only substitute for steel where lightness cotnbincil with 
the strength of that metal is reipiired. It is the only light metal that can 
replace steel in birgings, with a two-thinls saving in weight. Heat-treated 
durahiium forgings apjiroximate mild-steel f<)rgings in .strength. Wher¬ 
ever weight is a deriding factor, duralumin is the most satisfactory metal 
for ii><»st shajies made by hot-working <»r 6‘rging. Naturally, duralumin 
forgings are especially desirable for reciprocating or imwiiig jiarls where 
inertia, due to their own weight, forms a large part of the total stress. 
Duralumin machines and polishes very casil}’ and, as it docs not rust or 
corrode, it can be used in many places where weight is not the prime es¬ 
sential. 

Properties of Duralumin.—Annealed duralumin can be heat-treated and 
the maximum physical pro|>erlies obtained, no matter what the .shape or 
form t(» whicli the metal may be reduced. Conversely, heat-treated dur¬ 
alumin can be annealed. 

Duralumin can be cold-worked after heat-treat men t and aging. This 
operation produces a hard, smooth finish and materially increases the ten- 
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sile-strength which will ihcrcase from 6,000 to 10.000 pounds per square inch 
over that of the heat-treated metal, but the elongation may drop as low as 
three or four per cent. 

In the annealed form it can be drawn, spun, stamped or formed into a 
great variety of shapes, as is the case of brass and mild steel. The physical 
properties in this slate average as follows: 

Vliimalc TciisiU* StrciiRlIi. Ih p<*r s<| tn.. 25,000 tf> .t5,000 
in 2 In., |K’I rtiit. 10 to 14 

nrinctl Hunlni'^^ 54 tn <i0 

Scl('nr^4»|H* Hardiirs«( 9 to 12 

Duralumin in its heat-lrc.'iled form can be slightly shaped or formed 
and can he bent c<»ld ti» IS/) degrees i»vcr a inaiulrcl four times the thickness 
of the sliecl. Its remarkable len.silc-slrength is here c<»tnbinc<l with its 
maxinniin elongation as follows: 

Uhirmic TrtiMli* SircnRih, )h. per sk|. in., 5.5,000 tu 62,000 
Yield'Pi iml. M» iri in.. 30,0(X} to 36,000 

Kl*i»iK:thMn in 2 In. ivr ccnt» lit ti» 25 

hrMioll Jlaf(lnr<s. 63 Ut 100 

SclmiH'opc Hardness, 23 to 27 

Hcal-trcatcd dur4afiitniti forgings have similar phy.sical properties. Heat- 
treated and hard-rolled dura him in is u.sed where no bending or forming is 
required Tl is a very hard, strong, sjiniigy metal in this state and machines 
or polishes beantifuMy, Its physical proiierlics in this form average as 
follows: 

Uhimftte Tciisilc-.Strcnfflh. Ih. per «(. in.. 07,000 to 72,000 
Vielcl*P«Hnl. II» iicr u\. in. 55,000 to (»5.0()0 

FhMidaiMXi in 2 In. pt'r cent. 3 to K 

Brjiiell n.ir<lm'^«, 130 tt) 140 

SeliTiiM'iipc Hardness, 37 to 42 

Preventing Corrosion of Metal.—Corrosion of duralumin has been com¬ 
pared with rusting in steel and must be taken care of by protective coat¬ 
ings. These may be aiijdieil by painting or electrolytic Ireatnients. Some 
insulating material must be interposed between the duralumin surface and 
the corroding elements. I.inoil. inaiinfaelured by Herry Brothers of De¬ 
troit, is an aiuirnsl material iiro<lnceil thrinigh treatment at high tempera¬ 
ture of a combination of several oils. Its preserving action for all metals 
is such that a iK>lishe<l iron-plate covered in part with Li noil and exposed 
to dampness d(>es not show any alteration in the pndected part after being 
in contact with damp ground nr damp air for a long time, whereas, the part 
not covered with Linoil becomes entirely rusty. Rejieated tests under all 
lorms have given the be.st results even subject to the action of acids and 
to that of certain alkaloids. 

It is especially in aviation that Linoil has played an extremely important 
part. Duralumin may. at the present time, be efficienliy protected against 
the harmful influences of dampness, of sea water, and even of acids. 

The first tests carried out at the Naval Establishment of Saint-Raphacl. 
in France have enabled one to ai>preciate that the nonprotected samples of 
duralumin quickly deteriorated, whereas those protected by the ordinary 
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methods resisted lonjjcr. and that those treated with Linoil were absolutely 
intact. Linoil is a(j|>tic<] with jrreat facility, either with a brush or by means 
of dipping; or stiraviuj; pniccsscs or any other niclhod acc<irflinj^ lo the im* 
porlaiicc and possibilitn-s of upkeep of the part to he protected. It flows 
very easily and co\ers ul>ont fiOO srjuare feet of sjnf«itli and dry surface per 
gallon. Once applie<l. it is transparent, extremely durable anti gradually 
becomes hanler and harder, ami after dryit»g it may receive any paint what¬ 
soever. tt> which it inii)arls great durability. “Linoil Clear** is said to be 
used by many of the leading constructors, both for land and sea machines, 
as the only tlope which absiilulely jjroiects durnhnnin and renders both 
wood and fabric waterproof with a thickness of Vimt of a millimeter per 
coat. 

Effects of Radiator Position on the Airplane.—The important elTects of 
the locatimi the Tadiat<)r the airplane ha>e already been stated. Such 
quantitative results as have heen c»l)taiued to date arc given there. Atten¬ 
tion is called \u the three classes of positions alrea<ly definetl. The unob- 
stnicted juisitions have the following advantages: 

(1) JCxcept for the effecls of the sb|»stream, the air flow through the 
ci»re, ami conscfjuently the heat transfer, arc greater for unobstruc¬ 
ted than for obstructed positions. 

(2) 'riic head resistutice chargeable tt» the radiator is considerably less 
for unobstnicU’fl positions than t^^sitimis in the misc of llie fuselage, 
in the wing or inside i>f the fuselage. The effect of the slljistreain 
is to increase the hcaci resi>iance of n radiator that woubl otherwise 
lie niiol»stnictcd. 

(.’^) Since air flow is greater in unobs 1 ructe<l than iti <»b..inicted positions 
and, therefore, heal transfer per unit frontal area is greater, it fol¬ 
lows that the weight of a ra<liat<ir may be less for a given cooling 
capacity wben in an unobstructed position than when in an olistruc- 
ted position. 

(4) Witli reduction InUb m w eight and in head resistance chargeable to 
the ra<lialor, the |H»\ver absorbed chargeable lo the radiator is re- 
<luced by placing the radiator in an unobstructed jiosllion, rather 
than in an obslructeil position. 

(5> With both increase in heat transfer and decrease in power absorbed, 
the figure of nicrit of an unobstructed radiat<»r is r<insiderably 
greater than that id the same type id radiator in an obstnictcil 
position. 

The locatiiin of the radiaUir in the nose of the fuselage is objectionable 
because of very large absiirplion of ]>ower for a given cooling capacity. 
Not oidy is the resistance of the airplane much greater with a nose radiator 
than with the nose properly streamlined and an unobstructed radiator of 
equivalent cooling capacity added, hut the air flow through (he core is so 
low that with engines of the liigher powders it becomes necessary lo enlarge 
the fuselage to accommodate a nose radiator of sufficient siae to cool the 
engine. 

The performance of a radiator in the wing has not been thoroughly in* 
vestigated because cd experimental difficulties, hut enough data are avail* 
able to sliow that the air flow', and consequently the heat transfer, are very 
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low for a given flying speed, while the effect on the wing as such can only 
he detrimental. 

The effect of the propeller slipstream is to increase to some extent the 
air flow and heat transfer of the radiator. No specific statement can yet be 
made in regard to its effect on the head resistance of radiators in obstructed 
positions. 

The special types of core include radiators made of water tubes in the 
form of flat, hollow plates placed edgewise to the air stream atnl with no 
indirect cooling surface. This Xy]K has been shown to be markedly superior 
in respect to heat dissipation per horsepower al>sorhe<l. over the ordinary 
types of cellular radiator for use in unobstructed posititnis on planes flying 
at higher speeds. The mechanical weakness of the flat-plate type is an 
inherent tlis.advantage, but one that can doubtless be overcome. Radiators 
of the fin-aiid-tuhe type show very high head resistance an<! low air flow; 
itiv this reason they are unsiiited for general aer<»nautic use. 

Tests have been made on certain special types of core. inH<le with water 
luhes (leeii iu the direction of air flow, and narrow, place<l $»idc hy si<lc one 
hchiiul another, with st»aces between consecutive rows in each direction. 
These types produce a shrill whistlltig x<miid when in an air stream of more 
than alMiuf 30 miles j>cr hour or fifteen meters |H*r second, and show irre- 
giilar ])ro]>criit*s. 'fhat is, the air flow throug)> the core is n<*t pT<»p(^rtional 
u* the flying s)»eccl and the head resistance is not proj>ortioual to the s^puirc of 
the speed. These tyjies show very high heat trail'*fer for a given air flow, 
hut very low air fliiw for a given flying .speed. They show als<i a very high 
head resistance, with the result that the heat transfer tar a given flying 
s]>ced is in general not high ami the figure of merit is very lou'. The \vhist- 
liiig types are not suitable for aeronautic use. 

The information at present available on the effects of different positions 
on the airplane, jxuiiis to the following slatcnienls rcganling the types of 
core suitaldc for ilifferciU fjositiuus: 

n ) For un<»hs(ruclc<l posithms. the radiator .should be charactcri/.ed by 
straight MmM>lb air passages and low head resistance. 

(2) F<»r ]iositioiis in the nose <»f the fuselage, the head resistance charge¬ 
able to I he radiator increases, for a given frontal area, with increase 
in air flow. The most suitable ly|>e of radiator will be one that gives 
a high rale of heat transfer with a low air flow. This consideration 
Iea<is to the use of a conpiact lytic \vitli a large aiuoiint of cinding 
surface per unit frontal area and. since the head resistance charge¬ 
able X(i the radiator does not increase with the head resistance of the 
core, cooling surface can be added, even in the form of sjiirnl vanes 
or other turbulence devices, without serious dclnmciit. Whether 
the turbulence devices really increase turbulence am! thereby in¬ 
crease the heat transfer more than would be done by an equal 
amount of straight and smooth surface, is a question that needs 

further sludv. 

# 

(3) For p^isitioiis in the wiug, the requirements are pr<»bably similar to 
those for positions in the nose of the fuselage. 



1572 


MODERN AVIATION ENGINES 


Flight Control of Cooling Capacity.—Among the more important 
methods proposed for the control of the cooling capacity of the radiator 
in flight arc the following: 

(1) The use of detachable sections is good for seasonal corrections such 
as summer and winter conditions, and for change from one latitude 
to another. 

(2) The construction of retractable types that allow withdrawing the 
radiator or a portion of it into the fuselage when its full cooling 
capacity is not needed, is one of the best methods of control from 
the standpoint of heat transfer a»*H head resistance. Only the por¬ 
tion of the radiator really required for use need he outside of the 
fuselage where il will alTecl the resistance of flic jdane. DifTicultics 
may he cnc«iitntcre<l, however, in the design of the fuselage for such 
an installation of the radiator. 



Pig. 750A.»Ofhcial Photo, US Army Air Corps Showing Use of Shutters to Control 

Radiator Temperature. 


(3) Some allcmpls have been made to use a radiator pivoietl ahonl a 
vertical axis, so that it can be swung into or out from the air stream. 
This method is unsatisfactory because when the radiator is turned 
about, or yawed, on a vertical axis, the heal transfer is increased for 
certain angle.s w*hile the head resistance is also greatly increased. 
This method not only fails to give satisfactory control of cooling 
capacity, but adds greatly to the absorption of power. 

(4) If the fuselage cannot he designed tu accommodate a retractable 
radiator, the radiator can be divided into two parts and the two 
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halves placed on opposite sides of the fuselage. This gives the advan¬ 
tage of an unobstructed position and allows control by shutters that 
may be two plates for each radiator, hinged at the side of the 
fuselage. These plates swing out and mask both the front and rear 
faces to any <lesirc<l extent. 

(5) Shutters of the wiiulow-blind type are objectionable because they 
add greatly lo the resistance of the radiator when closed, and their 
effect in increasing head resistance and decreasing air flow is by no 
means negligible when open. 

(f)) ( onlrol by regulation of the water flow has been suggested, but no 
satisfactory inetbod has been prop<»sc<l. If the water is cut off 
from a part of the radiator, that pari is likely to freeze at great alti¬ 
tudes or in Cf>ld weather; while a change in rate of flow is not prac¬ 
ticable because, with rates commonly used in t>raclice. the heat 
transfer i^i practically iudepnulent of Ibe rate of flow. 
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Air Service Approved TypirsI Oil Connection. 


Pig. 75].^U. S. Air Service Approved Typieil Oil Connection. 

Altitude Effects on Performance.—As an airplane rises lo great alti¬ 
tudes. the decrease in density and temperature of the air have important 
effects upon the performance of the ra<liator. The rednetiem in temperature 
tends to increase the beat transfer in proportion to the increase in mean- 
temperature difference between the water in the radiator and the air 
through which it passes. The decrease in air density reduces the mass of 
air passing through the radiator for a given flying speed and thus tends to 
decrease the heat transfer by an amount correspomling. but not propor¬ 
tional, lo the decrease in density. 

Since the head resistance is practically proportional lo the density of the air. 
the effect of the decrease in <lcnsity is to rciluce the head resistance for a given 
flying speed by an amount proportional to the decrease in density. The 
combined effect of density and temperature changes due to changes in alti¬ 
tude is to decrease the heat transfer fur a given flying speed, but the head 
resistance is also decreased and for the higher speeds the fi^re of merit 
is in general somewhat increased. Estimates of j)robablc densities and tem¬ 
peratures at altitude can be made from meteorological data, and the per- 
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formance a given radiator at altitude can be estimated from iti^ 
performance at ground level by the use of the equations now available fr»r 
air flow, hcnl transfer, head resistance, power abs(»rbcd and figure of merit. 

Regarding the efTecls of engine and plane performance on radiator 
pcrfonuaiu'c. the equation mentioned can also be used, with the aid of 
iT)clef>nd«»gical data, to estimate the performance <if the radiatt^r and the 
frontal area required, under varying conditions such as maximum rate of 
climb rir level flight at all altitudes, if enough is kmnvn alHiiil the perf<jrni- 
ance of (he engine and of the airplane to <letcrmiiic the flying speed, the 
rate at which beat must be dr>sipated anci ihe lifl'<lrag ratio of the airplane, 
umler the «lifTerrut crm<litioiis. 

APPROXIM.MK AIR Tl*MPERATI RR VARIATION WITH ALTlTUOK 

"AiiinKlc 
in iq 


•V 

4 

Cooling Systems 

The following general notes were firopnrcd for the guidance of airplane 
designers by the Eiigiueeriug Divisiim of the U. S. Air Service.* They 
arc based on firactical consi<lerati<ms of ease of inuintenance. efficiency, etc. 

Operating Conditions.—The rncjst severe con<lilion under which an air¬ 
plane cooling system is cnllc<l uixm to o]>eratc exists during the inaxiiiium 
power onljmt when the air sfiecd is lowest and the air temiieraturc highest. 
In most tyjjcs of .service airidanes, this conclltion coincides with fidl throttle 
maxiimim climb, full load, ami ground tein]»craturc id degrees Centigrade 
(100 degrees Fahrenheit). Standard air tenqwratiire conditions to be pro* 
vided for .arc as follows: 

General Design.—Wherever po.ssiblc the cooling element shfmld be de¬ 
signed to facilitate Mibseifuciil changes in mr/.t in oriler lf> give the airplane 
a wide range of cooling perfonnance .should this be found de.strahle. 

Air Flow.—Other things being equal, the clTectiveiiess of a cojding ele¬ 
ment (radiatorciircl varies with the ma.ss flow of air through it: Ihcrcforc, 
any oh.struclions in the greatest |s»ssil>ie air flow should In* avoided. The rale 
of heat <]issi])atifm by the ciKding elenteut should be figured on a tiasis of 
this air flow during the maxi muni climb above referred to. When nose 
railiators iirc u.sed well-designed Ci»wl louvres, having an effective area ten 
per cent greater thait the free air area of the radiator core, are desired. 

Water Flow.—Water passages should provide for ample water flow with 
minimum pump suction. In ribbon type cores a single restriction affects 
the entire passage between the headers. Where a water passage is tlesigned 
exceedingly small, serlons .sub.seqnent re.strictions may occur from careless 

* "HamlNjok of Iiisiructions for Airpbne DcsiifOrrs,” RnKmecnoR Djviniwn, U. S. Air 
Service, McOjuk Field, Daylon. Ohio, 1922. 
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manufacture, rough handling, solder, variations in metal thickness, lime 
deposits, etc. Restricted water flow increases the temperature rise through 
the engine, causes cavitation and overflow, and lowers the boiling point 
owing to the increased suction produced by tbc pump. 

Cooling Surface.—Direct cooling surface (surface hacked by flowing 
water) is more effective, particularly at high air sfieeds, than indirect; how¬ 
ever, when the radiating fins arc relatively stnall and the ibomial ))ond be¬ 
tween them and the <lirect cfxding surface is g<H>d, their loss in rate of heat 
dissipation over direct surface may be less than ten per cent. Stagnant 
water in the cooling element should be avoided. Where radiators are placed 
below, or below anrl in rear of engines with underneath carburetors, suitable 
allowance must be made for the blanketing effect of these carburetors and 
tbeir imiuction pipes. Suitable allowance must be ma<le for any structure 
effecting air fl<ov through the core. 

Temperature Control.—A positive, <)iiick ojkeraling tem])crature control 
should be i)rovitlcd. At low air temperature a seemingly negligible air flow 
through the cooling clcincnt really pr<«lMces a very coiisi<lcrab)e cooling 
effect. In .systems adeijuatc for summer flying this effect is magnified and 
may even interfere with performance. 

Repair.—All parts of an airplane cooling system are subjected to severe 
shock.s. strains, anr) constant vibration, and re<juire suitable ])rotection 
thercfrcmi. I'.very dcsigm should facilitate field repair of all possible leaks. 
Internal seam.*« and M»lrlererl joints not easily acces.sible must f>e avoided. 

The following table of co<ding system weights lias been estimated and 
is included for the information of the designer: 

KSTIMATRD fOOLINf; SYSTKM WinOIITS* 


Wi'iulii of the 


Piirjinsc and F.oifinr 


( 1 ) 



K r M. 

Sea l.a've) 

Kadiuior an<l 

1 M<Hlrl 

Normal 

n.llp 

Xt aler 'I'aiiks, 

1 



Full. Lh. 

(2) 

(.tl 

(41 

_(5> 

o\s, 1 

\M1CI 


75 

I aorl K2 i 

I7t« 

190 

110 

012 


4.t0 

UH> 

V-l4tJ0 

ilon 


195 

1.^*1500 

2ltlU 

5S0 

215 

T3 

2UD 

(ktO 

250 

12.A ; 

1700 

420 

190 

1 

1 

1 

1700 

420 

250 

lA IS(X> 

2100 

510 

245 

IA-2500 

2000 

800 

m 

T3 

2UU0 

030 

2H5 

add 10 per cent to c<H>hng 

s>i»tcin weights given (or 


TrainiuR 

Wripht . 

Pursuit 

Curtiss . 

Curtiss . 

Packard . 

Wrifihl . 

Ohsfrvatioix 

Liberty . 

Liberty < Supcfdwriitdl . 

Packard . 

Packard . 

WriRlit . 

Bombing 

(For di>w bombing airplanes 
Observation airplanes, except where sutirrrliarRcr is u^l. tlieu add 6 
Kiven for supcrcliareotl vmkiik i 


per cent to weight 


Note: (!nlunu) (.S) includes radiator and radiator water, reserve tankage, and reserve 
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water only. Pipinu, water in pipinR. water in euRmc, an<i temperature rnntro) device are 
not included. 

Tlie^ eblimate^ arc based on adequate rnfdmR willi crmmd temperature .Vi* C 
(100* K) 

•Table t.ikcn from llandbcicik t»f Inctritriitm fur Airplane DesiRnerv, issticfl by the 
Engineering Division, Air Service, 1025 edit Urn. 

Performance.—The cooling system shall operate satisfaclonly. and the 
water shall not boil or exceed a temperature of 95 dej^rees Centiffratle (205 
degrees Fahrenheit) when the airplane Is carrying full load at full throttle, 
niaxfmnm climb, from sea level i<» 7,000 feet aililtKie. with engine water nui 
less than 60 <lcgrecs Centigrade (140 degrees Fahrenheit) at lake*c)(T and 
with a ground tempera lure of not less than rlegrecs Centigrade (100 
degrees Fahrenheit). With this same ground lempcrnlurc at muximuin 
engine spretl. level flight. Indow 1.000 feet the water in the system shall 
remain hclow 9.S dcgrce.s Centigrade and shall not (i\rrflo\v. 

Radiators.—^F.ach radiator shall he <»f approved design and jiroof against 
the action of normal vihralion. Hie total oullet area of each ra<linlor shall 
f>e not less than the total inlet area of the engine water pniup. ICach ratlia* 
tor shall ivithstaml. w ilhont leakage, an internal |>res>ure i»f ten jioninh 
per s<|uarc inch, plus the pressure of the water earned in the system above 
the radiator. Kach radiator shall he snilahly j>rotecled against any ci«l- 
lapsing dne to the niaxlmuin pump suction possible in the system during 
specified performance. 

(a) Radiating Surfaces—Radiating surfaces shall he clean, free from 
paint or any hircign nialter, and jHdished. J*'uch radiator shall he free from 
loose solder, acid, or other chemicals injurious to the inelals of the cooling 
system. 

(h) Radiator Shell—All joints and seams in the radiator shell shall he 
locked and soldereil, or riveted and soldered All radiator shell areas four 
inches s<)uare or larger slumUl he cMmigaled or otherwise sttlTcneil to pre¬ 
vent undue distortion under service roiMlItioiis. 

(c) J*‘ach radiator shall he priividcd with a lijj anmncl the edges of the 
core extern!ing out tivo inches from the core face, or if shnIters are iise<l 
iminc<llatcly in front of the core, the hj> shall extend li' the plane of the 
closed shutters. This lip may he incoriH»rate<l in the shutter frame if de¬ 
sired. K.xcepI where projicrii' rciiiforce<l hy hcj<lers, the radiator shell 
shall be turned in toward the core an<l hack approMinatvIy parallel to itself, 
forming a ‘*U" shafied cross section at the front ami rear faces of the core. 
This portion of the shell must not art as a hyiiass for the water, imr shall 
it contain any water which does not <lrain comcideiit with the entire sysleiu. 

(d) Flow Capacity—Umlcr a pressure ecinal t<i the available hea<l plus 
one pound per sejuare inch, cadi railialor shall circulate an amount of water 
equal to that w'hich the pump will deliver through the engine at normal 
speed. (The available head corresixmds to a column of water wdiose height 
is equal to the vertical distance from the center of the water pnnip inlet 
to the i>ointo( overflow in the system, w ith the airplane in level flight posi¬ 
tion.) 

(e) Radiator Protcctum—Where radiatfirs 4are located in the lower wing 
or near the landing gear, suitable protection shall he provided against mud, 
dirt, and stones throw'n liack by the wheels or pro|>cllcr. 
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(f) Radiator Mounting:—^Unless otherwise specified, all radiators must 
be strapped into padded cradles or mounted in a similar manner without 
supporting' lugs or brackets heinpj secured directly to the radiators them¬ 
selves. Each radiator shall he so supported that imwcmenls due to expan¬ 
sion and contraction shall not l>e unduly restricted. Apj>roved shock 
absorbing pads or cushions shall be jmivided between the radiator and its 
main supports. The radiator shall not be supported on nr by the eng^ine, 
or secured to it. except throuph necessary hose or flexible pipe connections. 
All ratliators mii.st be readily removable. 

{^) Nose Ka<lialors—Nose radiators shall he so constructed that they 
are removable over the prot>cller hub. 

Temperature Control.—The .system of temperature control provided 
shall be such that the ienii>crature of the water in the system fuay be con¬ 
veniently maintained above freeziuK and the temperature of the water in 
the engine at not less than fi() de^jrccs Centicradc (140 decrees Fahrenheit) 
during; irnlcflnite flight, at the service cciltnpf of the airplane in December, 
anywhere within the Unitc<l States. The temperature controls shall be 
simple, ni^^ed. positive in action. an<] so placed that the pilot can operate 
them quickly and conveniently. 

(a) Shutters—Each notiretractibic radiator shall be provided with a 
strong, durable. wen-de5i^ne<l shutter covering of the entire frontal area of 
the core when closed, ami. if mounted in the rear of the projudlcr, shall be 
removable over the pro]*eller hub. Where shiiltcr vanes are used they must 
lap wdicn closed. Each shutter shall be provided witb an easily•o]>erated 
positive control, convenient to the pilot, the control opening the shutter 
with a (orw'ard motion. Control <!esijpi shall be such a> to prf»vitle easy 
operation with a heavdy gloved hand. Unless otherwise specified, shutters 
shall be operated by one 4>f the following means: 

1. Push and pull rcnls or tubes. 

11- Torsion rods or tul>es. 

HI. Suitable cables and pulleys. 

IV^ C ombinations of I. 11. and III. 

Where pulleys arc used for changes in cable direction greater than 60 de¬ 
grees. their minimunt grooved diametrr.s shall be not less than 25 times the 
diameter of the cable used. Cable guides or runners exposed to the weather 
shall Util be used. The open and clos<*d control slops shall be at the shut¬ 
ter. Provision shall be made for the automatic opening during flight of 
each shutter should the controls break or become disconnected. Unless 
otherwise specified, each shutter vane, taken as an aerofoil at an angle of 
incidence of ajiproximately 45 degrees, shall be pivoted at its center of 
pre.'^sure. Shutters will not be accepted with vanes or air deflecting ele¬ 
ments so pivoted or mounted as to cause undue stresses on the control 
mechanism in any position throughout the range of operation during flight. 
The shutter and shutter controls shall be of rugged construction through¬ 
out. 

(b) Shutter Mountings—Shutters shall be suitably attached either to 
the radiator itself or a suitable adjacent structure, but never to both. Shut¬ 
ters or shutter mountings atmehed to the engine will not be accepted. 
Where radiators, shutters, mountings, or controls are placed near u projielier, 
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the minimum atlowahle clearance between these and the propeller or propel¬ 
ler hub a-sscm))ly shall be ^ inch up to and inclucbnit fifteen inches from 
the axis of the propeller shaft, and one inch fr<iin this point up to and in¬ 
cluding 36 Inches from the axis of the propeller shaft. 

Expansion and Auxiliary Water Tanks.-^Kach expansion and auxiliary 
water lank shall be snilafdy mounted nn<l protected against vibration aiifl 
expansion strains. All auxiliary tanks shall be so protected as to prevent 
water freezing under all flying conditions. The water in all auxiliary tanks 
shall be in direct circulation with the cotding sy.steni unless otherwise speci¬ 
fied. Each tank shall be clean and free from 1ik>sc .solder and all injurious 
acids or chemicals. Area.s four inches square or larger .shall he corrugated 
or otherwise stitTcne<l to prevent undue distortion under service conditions. 

Piping and Connections.—All piping shall be as <lirect as jn^ssiblc and 
free from .sharp liends and restrictions. Cross sectimial areas smaller than 
areas of corresfumding tH>rt.s in pump or engine will be considered restric¬ 
tions. Tlie inside radius of all bciuls shall exceed 2yi pipe <liaincters. 

(a) Air T.<iclcs—All jdping shall be free from possil)lc air locks (ht^h. 
unvented points) with the airplane in normal positions. 

(b) Material—Pifdng shall be <d metal wherever juissihle. 

(c) Ho.se (‘onncctions—Rubber or fabric hose tnore than two diameters 
long shall l)e suitably reinforced to withstatid. williout distortion, an exter¬ 
nal pressure of fifteen pounds per square inch. 

(d) Accessiliility—All pipe and hose connections shall be readily acces* 
sible. 

(e) Markings—All water pi]’ing shall lie marked with a white band 
near each union an<l on each si<lc of every flexible connection. 

(f) Flexible Joinl.s—Flexdilc joints shall he provided near all brazed 
joints and unions. All ln»sc clamps used shall he of ajiproved type. 

Carburetor Manifold Jackets.—Provision shall be made for the best pos¬ 
sible w'aler flow through carbnrcUir manifohl jackets where these arc pro¬ 
vided- Water outlet^ from these jackets must be located in the line ))etwcen 
the radiator and engine pump, preferably near the pump. Water discharge 
from these jackets shall not be near water ihennometer bulbs. 

Thermometeri.—Each cooling sy.steni shall be provided with an ai>- 
prove<l type of thcruKuneter which shall correctly indicate the lempoTaturr 
of the ht»ltest engine water at all engine speeds. This thcTmomelcr shall 
be located in the circulating water, near the highest point, nr directly above 
the engine. 

(a) Location—All water thermometers shall be so locate<l as to be un¬ 
affected by local temperature conditions such a.s water discharge from inlet 
manifold jackets, direct heat radiation from engine, exhaust gases, air traps, 
stagnant water, air flow, etc. 

(h) Mounting—The bulbs of all water thermomelers shall be not less 
than 75 per cent iminersc<l in freely circulating water at engine idling 
speeds, and at the same time there shall be no undue restriction to water 
flow at these points. 

Entire System.—Suitable provision shall be made against the possibility 
of dangerous steam pressures under adverse cooling conditions. In open 
systems the size of the vents shall correspond to their length and the ca¬ 
pacity of the systems. All systems shall be completely vented to prevent 
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2 ur locks, and in all closed systems where vents are necessary to prevent 
such air locks during Ailing, these vents, free from water traps, shall lead 
to the highest point in the filler necks. AH parts of the entire cooling sys¬ 
tem must be suitably protected against corrosion. 

(a) Closed Systems—At the highest point of each closed (pressure) 
system an approved safety valve .shall be provided, as well as a suitable 
pressure gauge and a means of venting the system at will, convenient to 
the pilot. 

(h) Vents—Vents shall be independent of filler caps. Vents and over¬ 
sows shall not he suscejHibIc to syphon action and shall not have pockets 
which will trap water. Unless olherwi.se specified, minimum vent sizes 
shall be as follows; 

MINIMUM VENT Sl/CE 

Kiipnc H|>. ......... . n lo 400 401 ir> 600 601 lo 800 ROI Vn 1000 

\>«t I^iamricr w ^ ins in. 

(c) Vent Lination—Wherever water may t»verflow, the outlet shall 
he sf» located a.s to be visilde from the pilot's seal. )»rotectcd against freezing 
during fiight at low air temperatures an<l against the excessive loss of water 
during dives. All outlets shall be so jdneed that water discharged there- 

can n<il interfere with the pihit (jr <ibserver, or the proper functioning 
of any part or acce.ssnry of the airplane. 

(d) rnUeclioii from Freezing—All water connected with the cooling 
system and not in actual circulation at engine idling speeds shall be suitably 
protected agnuist freezing during flight at low air temperatures. 

(e) Water Keserve^Thc system shall carry sufficient water to provide 
satisfactory cooling during a i>oriod et^nal to the fuel capacity of the air¬ 
plane at normal engine speeds. Provision shall be made for using all re¬ 
serve water before the level of the water in the svstem falls below the 
radiator core or the engine jacket nutlets. The following formula is given 
as a guide in estimating the reejuired amount of reserve water in open sys¬ 
tems : 

HN 

C=10 +- 

160 

(' Capacity re<|uired for reserve water in pounds. 

H = Capacity of fuel tanks in flight hours. 

N — Normal brake-horsepow er of engine. 

Provision shall he ma<le for a head nt)t less than two inches above the top 
of every cylinder jacket, with the airplane climbing at 25 per cent to the 
horizontal, or gliding at fifteen i>er cent, having a ten per cent list to either 
side, when all reserve water has boiled or leaked away. 

(f) Filler Caps—Kach system shall be ))rovule<l at its highest point (tail 
skid on the ground) with a suitable filler cap forming a water-tight joint, 
and each cap shall be provided with a chain or tither suitable attachment. 
The niinimuin inside iliameter of all fdler holes shall be ni»t less than 
inches. Durable filler caps, not requiring rcimwal of cowling or other struc¬ 
ture or the use of wrenches or s|>eciul tools for removing shall be used. 
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Vents shall be independent o( filler caps. 

(g) Drain Each system shall be provided at its lowest point 

(tail skid on the ground) with a suitable drain plug enabling the entire 
system to be tjuickly, easily and completely drained. Suitable arrangement 
shall provide against all possible injury to the airplane or its accessories 
from the discharge of this drain water. The minimum drain plug diameter 
shall he one inch. Each drain plug shall he suitably safetied against loosen* 
ing. Provision shall be made for conveniently draining the engine water 
pump- 

Engine Installation 

The United Stales Air Service has drawn up general instructions for the 
installatiiMi of airplane engines based on practical considcrationiE such as 
safety, case of maintenance, etc. Airplanes .sul>mttte<l to the Air Service are 
rctpiired to cimiply wMli these specifications. The bdlowing is abslracleil 
from the “Hantllmok of Instructions for Airjdanc nesigners" issued in 1922 
by the. Kugineering Division, McCtK»k Field. Dayton. Ohio. 

Engine Mounting.—The engine inonnlitig shall be so designed as to 
afford the ntaxiimun strength uiul accessibility consistent with the general 
<lusign of the'airplane. Atleution is ]jarticulurly <]ireclecl to the fact that 
eight-cylinder, degree. \*ce-lypc engines have a decided teiulcncy In 
vibrate in a horizontal plane, and snituble precaution tu stiffen the slruclnrc 
against this vibration shall be taken. It should also be noted tliat tlie ex¬ 
treme rigidity in tlie iniine<liate vicinity of the engine is of little value unless 
projicr provision is made to carry ibis strength through to the main points 
of su]>jiort. The engine sh<»ubl not he used to suptiort any ]»art of the air* 
1)1 ane structure oi' any accessory not forming a i>art of the engdne etjuip* 
nient. fThc frames shown at Figs. 747 and 74Hare well braced to withstand 
vibration of eighl-cylimler cugiiie.s.) 

(a) Removal of Engine—I'lie engine shall be so mounted in the airjdaue 
that it can be readily removed as a unit without detaching niagiietos, water 
pump, carburetors, or any accessory which is properly a part of the engine, 
or rcmc»ving any iniportaiil parts of the airplane structure. The time re¬ 
quired ti» rciiuive tlie engine should not e.vcecd four hours. 

(b) Holding Down Ihdt—The engine holding down Indts shall be of a 
size to fit the holes in the engine feet with a clearance of not over Viu jn<^h, 
Large washers shall be provided Ui prevent the bolt heads cni.dinig the 
engine hearers. 1‘hcso washers shall he }/ inch larger diameter than the 
standard w'ashers for ImjIi used. 

(c) ICngiuc Sup|K>r(-^A steel strap of approximately inch in thick* 
ness shall be securely fa.stened to the engine hearer at jHiiiUs i»f engine sup¬ 
port. These strajjs shall he of greater wi<Uh than the engine feet, except in 
case.s where engine feet arc continuous, in which ca.se lighter .sheet metal 
may he used to protect the engine bearer face. 

(d) Magnetos—It shall be possible to remove the magnetos or other 
ignition devices from the engine as an entire unit without detaching any 
other part. It shall be possible tu clean and adjust the breaker points with¬ 
out removing the magnetef from the engine. The breaker points .shall be 
directly.visible without moving the magneto or removing any other part. 

(e) Distributor—It shall be jumsible tu inspect and clean the distributor 
without disconnecting any high tension wire or removing any other part 
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of the airplane en^ne. or equipment except cowling. 

(f) Carburetors—No part of the airplane structure or equipment shall 
be so located as to necessitate its removal in order to remove the carburetor 
from the engine or to interfere with the accessibility of the float chamber, 
carburetor strainer, and jets. 

(g) Water Piimj)—It shall be possible to remove the water fmnip from 
the engine as an entire unit without reniuvitij; the engine from the airplane. 
The water pump shaft ]>ackin^ shall be easily accessible f(»r adjustment. 

(h) Oil Strainer and Nellef Valve—No part of the airidatu* slrnciure 
orcquijmicnt shall lie so bicatcd as to interfere with the acccssiliility i»f the 
oil strainers ami relief valve on the engine. 

(i) Oil l'umt>—It shall be poKMble to easily remove the oil pumps with¬ 
out moving the enirine. tanks, or itHjKirtanl parts id the airplane structure. 

fj) Fuel Puni]>—If a pfusoline pump is moiintccl iiii the eni'inc. it shall 
be possllile to easily rcnuivc this pump without moving the online, tank, 
or important parts of the airplane .structure. 

(k> Starter—If the engine is cspiippi*cl with a starter, it shall be jmssil)lc 
to easily rcnuive the starter withenit nitivin^ the engine, tanks, or impiirtanl 
parts of tlir airplane structure. 

Engine Controls 

Care should be exercised to insure un enj;inc rontn)) installation that is 
simfiU*. reliable and conveiiieiit. 

Operation.—controls shall be <ipcratcd by rnd>. torsion members, or 
flexible calde. Uods or torsion nicinbers arc greatly preferred, .and flexible 
calde slioubl be iiscmI only ubrre unavoidable. If flexible cables arc used. 
|iullcys shall be jiriiviiled at all pidnt.s where the direction of the cable is 
alterc<l. Flexible cable run througli lubes or flexible sheulhing will not be 
perjnilted. Contrtds shall be jM)sitivcly oi>erated, ami sjiriugs shall not be 
relied ii|>on to actuate the control in either direction. All controls shall be 
of llie friction t\i>e .so designed that frequent adjustment will not be re¬ 
quired. 

Stops.—Sto|is limiting the motion of the control shall be located at the 
control lever. All levers .shall be s<» in.sialled that the uoniial imdion of the 
engine c<mtrol Is uol red\iced. and when the control handle is against the 
the corresponding ciiutrol lever on the engine .shall be against its stop. 

Direction of Motion.—All engine controls .shall ini»ve forward for the 
open or nmiiing position; that is, the throttle hau<lle must move forward 
to ojicn the throttle, the mixture control handle shall move forward to make 
the mixture lean, the .spark conlrtd handle shall move forward to advance 
the sjrark. the shutter control handle shall move forward to open the shut¬ 
ter and the supercharger bla.st gate lever shall move forward to close the 
blast gate, thereby bringing the supercharger into action. 

Marking.—All engine controls shall be clearly marked as follows: the 
throttle control lever shall he marked *‘Thrt>ttlc.*' the extreme positions 
shall be marked **Open** and ‘‘Clo-sed**: the mixture contnd lever shall he 
marked “Mixture,** and the extreme position.s shall he marked “Rich” and 
“Lean'*; the sjiark control lever shall he marked “Spark,’* and the extreme 
positions shall be marked “Retard’* and '‘Advance”; the shutter control 
lever shall be marked “Shutter/* and the extreme |>osiiion.s shall he marked 
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“Open*' and "Closed**; the supercharger blast gate lever shall be marked 
"Blast Gate." and the extreme positions shall he marked "Open" and 
"Closed." In marking the control levers the abbreviations "T," *'M/* "R.’* 
and "S'* may he used for the throttle, mixture, blast gate, and the spark 
levers, respectively. 

Disposition.—In airplanes intended to he operated by two pilots, such a.s 
training airplanes, the engine controls shall he so arranged that either pilot 
may have complete control. In training airtdanes the spiirk. throttle and 
mixture controls shall he installed f<»r both pilot and student. The gasoline 
.shiit-ofT valve, ignition switch, and shutter control need not hr duplicalcd, 
hut must he so installed that they can hr conveniently o])eratcd hy either 
pilot Of student. The primer, h<K>sicr magneto and starter switch shall hr 
installed in the rear cockpit only. The throttle and mixture controls only, 
need he installed in the gunner's or observer's ccjckpit in two*scnter service 


types. 

Location.—In single-engined airplanes the throttle, mixture, and spark 
controls shall lie conveniently located at the left-hand sidu of the pilot. The 
location of the shutter control shall he such that it may he conveniently 
reaclu'tl by the pilot, the left-hand .sitle being preferred if a ctmvenient 
arrangement can he secured. Where two nr more engines are used, the 
irol system shall he so arrimgeil that the engines may he controlled in¬ 
dividually and siinultaueously. The location of the control levers should, 
as far as posstl)lc. follow the retpiiremcnts laid down for single-engined 
airplanes. 

Switch Location.—It is preferred that the igniticm switch he located con¬ 
veniently to the pilot's left haml. especially on service airplanes. 


Lubricating System 

Capacity.—The lubricating oil tank capacity in general, shall he not less 
than oi the gasoline ca]>acity hy volnme. 

Expansion Space.—An cxpansi<iii space e<|ual to ten per cent of the tank 
capacity, to provide for the incrca.se in volume of oil <lue to expansion and 
the inclusion of air bubbles in the oil returned frtiin the engine sump, shall 
be provided in each lubricating oil tank. 

Tank Location.—The tank shall he located as near the engine oil pump 
as possible and shall he approximately on the same level ns the pump inlet. 
In case the Liberty engine is used, the Iwdtom of the oil tank shall not he 
below the pump inlet. 

Filler Location.—The location of the oil tank filler ot^ening shall he such 
as to facilitate filling the tank without the use of a special funnel. It is 
desirable that the filler ofwning he acccs.sihlc from outside the airplane, 
either by allowing the filler neck to project through the side wall or by 
having a projicrly covcre<l opening in the side wall near the filler opening. 
The location of the filler opening shall he such that oil overflowing will not 
fall on parts of the airplane structure or engine accessories which might be 
damaged. The filler opening shall he so arranged that it is imi)ossil)le to 
fill the expansion space, with the airplane in normal jxjsition on the ground. 

Ventt.—All oil tanks shall he provided with vent tube.s of inch out¬ 
side diameter. These vent tubes shall he so located as to prevent the 
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pocketing of air in the oil tank, and shall be connected to the engine crank¬ 
case on all engines provided with the necessary opening. Where it is not 
possible to* connect these vents to the engine or crankcase, they shall be 
led to a point where oil overnowing will clear all parts of the airplane. 

Pipe*.—All oil pipes shall be of annealed copper tubing with a wall 
thickness of approximately ^^*5 inch. The <liaineter of the oil pipes shall be 
not less than that of the connections on the engine. The oil pipes shall be 
as short and direct as iwissiMc. All oil ]iipes shall be lagged by wrapping 
with cord or fabric lajje where exiM>sed to a direct air blast. Soldered, 
welded, or braced joints will not be ]>crmitted in oil lines. 

Connections.—All oil pi|>c coiincclitms shall be made with fabricated 
rubber hose and approve<l type hose clamps. The en<ls of the pipes shall 
be headcrl to prevent the hose frcmi slipping off. 1 'he length of exposed 
rubber host at.a jtnnt sh.'^ll not exceed the inside diameter of the hose. The 
proper method of making up an (»il pi|>e coiiuectnm is illustrated in Fig. 751. 

Cooling.—-The lubricating oil l.ink shall be provided with .sufficient cool¬ 
ing area to keep the temperature of the oil^bclow 70 degrees Centigrade 
under all conditions of (light. This may be accomplished by providing a 
separate oil radiator, or preferably, by making part of the oil supjdy tank 
serve as an <nl cooler. The oil cooling element.s must not contain restricted 
[passages which would offer undue rc.sistancc to the flt>w of cold oil. 

Strainers.—Oil str 4 ainers, other than tlK»se contained in the engine, are 
not to be used. 

Circulation.—In order to a.^sist in cording the oil. tbe oil juping shall be 
80 arrauge<l that oil will circulate tbrimgh the entire tank. 

Drain Plug.—A dram plug not smaller than a ;V4-inch ]npe idug shall 
be provided. The l(K*ation oi this clraiu jdug shall be such that it is readily 
accessible and th.at the entire contents of the lubricating system may be 
drained. Means shall be provided for locking this plug. 

Tank Connections.—Connections to the oil tank shall be made by means 
of standard pipe flanges and nipples or elbow'S. 

Cowling 

General Arrangement.—The c<)wlmg around the engine shall be con¬ 
structed with a view tu securing minimum head resistance, protection to 
the engine, the crew and airplane structure from fire in the engine com- 
jiartmcnl. 

Air Plow.—The cowling shall he provided with suitable air inlets and 
outlets to allow ample flow of air over and around the engine sump and 
cylinders. In case a nose radiator is used the air outlets shall be so ar¬ 
ranged as to allow ample flow of air through the radiator. The effective 
area of these outlets shall c.xcecd by nj>t less than ten per cent the free air 
area of the radiator core. When a Wright engine is iisccl, it is desirable 
for the valve covers to project through the cowling. This assists materially 
in cooling the engine. 

Attachment and Support.—The cowling shall be attached to its supports 
by means uf removable hinge tiiiis, thumb uuts, flexible cable with tuni- 
buckle, or other a]>proved device. Attaching devices of elaborate design 
or difficult to obtain shall not be used. The cowling sup|>orts shall be en¬ 
tirely independent of the engine, and care shall be taken to see that engine 
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vibration \& not transmitted to the cowl, as this greatly decreases the life 
of the material. Ail cowling shall he cjuickly and easily detachable. 

Doors.—Properly secured doors shall he provided which will permit 
access to the engine for adjustment, whenever necessary. These doors shall 
be marked clearly, indicating the parts to which they give access. 

Propeller Clearance.—The clearance between the engine or radiator 
cowling and the propeller shall be not les.s than inch at all points within 
a radius of lifteen inches fronj the center of the shaft and not less than one 
inch at all points within a radius between 15 and 36 inches. 

Ignition~Arrangement of Wiring.—'J*he installation of the ignition wir¬ 
ing shall be carefully con.si(lcre<l and every effort luadc to guard against the 
possibility of grounded, open, or short circuits. Carelessly installed wiring 
is a constant source of <laiigcr and may incur both engine failure and fire. 
The wiring shall be simple, direct, and accessible. All unnecessary slack¬ 
ness shall be avoided and the wures installed and suppt»rted in a neat, work¬ 
man-like manner. All wire.s shall be run in a group, ami so located that 
danger oi tnl, water, or gasoline <lripjnng on them is avoided. As far as is 
consistent with the above, the wires shall be as accc.^siblc as possible for 
inspection and rcpIucemciU. 

Wire.—Each wire .shall he continuous from end to end. no splices being 
allowed. 

Protection of Wiring.—Great care shall be exercised in guard against 
chafing of the in.^iulation The u>e td aUimnunu nr fiber conduits is desir¬ 
able where p‘»ssihlc Where wiro Mip]»orlefl by metal clip?' ancl juissing 
ihrcuigb the fire wall or bulkheads are aj»l In rub against any wooden or 
metallic parts, they shall be protected by fiber or niblicr grommets or other 
acceptable ilesicc. i’articular care in this regard shall be taken with high 
tension wires. 

Ground Wire.—The gr<unid wire .^ball be cniineclcd with the engine 
itself and not uiili any part of the engine mounting ur airplatic structure. 

Storage Battery.—'l ln* storage battery shall be carefully housed, sup¬ 
ported, and pnUccled against oil. gasoline, and water, it shall be sii located 
that in case a ccdl i.s broken the acid will not injure any vital part of the 
airplane. 

Booster Magneto.—If a booster magneto is installed, its location shall be 
such (hat the handle is not apt to bo accidentally struck during operation 
of the airplane or while climbing in or out of cockpits. Tlie locatum shall 
also he suclt that there is no danger of fuel leaking on the inugiieto or of 
sparks passing between the magneto and metallic parts of the airplane. 

McCook Field Gasoline System.—A special gasoline systein dcveloiicd 
at McCook Fichl. and known as the McOniW l*k;ld Gasoline System, lias licen 
used ill the tfSD-UA now iibsolescent. In this system, there is no pre.ssure in 
the supply tanks other than that of the atnvispherc, although the pumps pro¬ 
vide |H>sirivc force feed to the carburetors. One of the consulcralums was to 
provide as large a tank caiiacity a.s {Missible with a minimum weight of the 
element.^ involvcvl. It was also tht* aim to minimise the fire danger from leak¬ 
age of fuel, and to incoqionue a reserve supply system .sufficient for about 25 
miles of ffight with full accessibility of the reserve fuel. In addition, the desira- 
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bility rtf providing a poj5itivc gravity feed at starting was recognized. Briefly» 
system which is shown at Mg. 751 A consists princijinlly of a main supply 
tank of 134 galloas cajiacity with fwl t(» the carhurc((»r.s hy means of two vane 
gasoline force pumj).**, driven from the cnmk.sliaft !»y flcxil)k shafting, and an 
eight gallon gravity tank, locate^l in the txiuer s<H*lion of the ii)>|>er wing s|nn, 
It sh<iuld lie notwl tlvai whereas tin* jmntp arrangeitient affords |x>sitivc feed 
under all coiidtcions. no air pri'ssure is niilizcd in the fuel system as was usexi 
ill the old De HaviMand with Liberty motor. The total fuel suj)]dy of 142 
galliins is sufficient for about four hours ojicratiun of the Liberty-12 engine 
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at full throttle, and at j^ruuml-level rate of consumption. 

The main tank was niches lon|», 34yj inches high and 23;V4 inches wide, 
with its f<irward face five inches to tlie rear of the extreme end of the engine. 
The gravity tank nitasuretl 32yi inches in length, 13^4 inches in width, and was 
Syi inches maximum depth. The curvature oi the iKittom of this tank is such 
as to insure dram.ige of Us entire contents hi the c«rburclor, while the plane 
is at any normal angle of fhgln. The large rectangular main tank is constructed 
of sheet .steel, with riveted and soldered joitits, and is divided longitudinally by 
a lartitioii and transversely by a Ijuflle plate. 


Pumos and Connections. Also Control Valve. 
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Tank Locations and Supports. —The main tank is located in the fuselage 
hack of the engine and lHx>ster radiator, and forward of the pilot's cockpit. This 
position is as close as |M»ssiblc to the center of gravity of the plane, so that 
the .stability will not l)c apprcclahlv alhwl by the consumption of the 842 jX)unds 
of fuel carried. The lank rests on ixublH iotigitudinals tarried by cross struts 
between the lower fuselage longerons, and is held securely in jilaoe by holding- 
down stra()s attachi*<l to cross Mnils l»eiween the ut»j>er IcnigiTons immediately 
ahcatl of and 1 tobind the tank. The overhead gravity lank Is .sup^Kirted by metal 
brackets on its niuler side from tin* front and rear sjwrs of the center wing 
section. The convex Ix^ttom of ibe gravity lank pr<»jivts 1k*1ow the under side 
of the center section, and at its lowesl point is nNmt inches alxwe the top 
surface t)f the main tank. 


1*he feed pijie c^mnection In'tween tlw main tank an<l the gravity tank is 
carried upwards from the ga.Mdine pump tbrcnigh a f<mr-way control valve 
along the right rear caltane strut, into which it is inset along tlu* entering e<lge. 
When thiv pijKt reaches apj)r<»\iniately the luight of the curved InHtoni of the 
gravity tank, it is carne<l forwaid on a level to the entry fiohit. .Surplus gaso¬ 
line reaching the gravity lank ioverflows through a snwller j«pe which is brought 
down al<»ng the trading edge o( the same rear calxnic strut, and which serves 
as a combination vent and overd(»w t>i|X' 

Tank Vents.--Venting of the gravity an<l main tanks is provklwl for by 
Ti’K'ans of small-tliametcT intnng. In the cum* of tlw tn.aiu tank, vajx^r only may 
lie dlschnrgcsl. ant! for thi.s imr|>cKsc* a pifv rutis from the Iwise of the filling pipe 
to the rear nlge erf tlk* forward ealxnie stmt, np which it is carried for some 
distance into the fnll sweep of air fmm the slipstream. 'I'he gravity tank 
vent en<ls within the reservoir just .at the filler caj>. and is cnrrte<l down the 
trailing 4s|g^* of the right rear ealwuie strut to a i»oint iK'ncatli the level of the 
fuselage, where Urth vai»or and excess )mni|tisl fuel are <lischarged into the 
ofK’ii air, far enough away fnim the engine to remove any fire danger from 
this cause. 


'rhe 10)1 of the main tank shown at KIg- 751 C* carries llic Tiller neck, cap and 
^trainer, wlneli asscnilrly is placed 5-'I inclics to the rear of the forwurtl face of 
the lank. 'The fdhT cat> is aiipnixiniatcly “Jj inchc.s aliovc the surface of the 
tank at u level c»f tlx* tiip cowling and closes a 2)^ inch tulie extension from 
the lank ]iro|K‘r. .Mso on the top of the tank are the housed immp gears, 
gauge.s and fmir-way distributor valve. The gauges arc enclosed in small 
strCimnlinccl housings, and projix*t ten inches aUive the tank which brings 
them inches above the fuselage tojj ofwiing. itetween the two gaugc-s 
which indicate the fuel level in the left and right chatnl»ers of the tank, is 
a gauge w'hich shows clearly the amount of )iressure on the force-feed line 
in txnmds. Due to their height and Uicaticm. these three gauges are visible 
and easily read hv the pilot threrugh the windshield iti front of his cockpit. 
Hie four-way control valve is Itx-ateil on l«ip of the tank just Ixick of the 
gauges, and is cirtinectetl by means of a com ml simft to an ojwradng 
handle on the in.stnmient Uiard. 'Hie four-wjiy valve I vis three working 
positions and an “off** jjosituin. At starling, the valve is mi turned that the 
main tank gasoline supply is shut off, and (he carburetors receive fuel 
from the tiverhcad tank through the $u\yi>\y pipe and the f(»ur-way valve. 

When the engine h running at sut^ienl speed to <j|XTate the fuel jnimps 
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at full pressure, the control valve tnay be turned to the running position, so 
as to send the fuel from both main tanks direct to the carburetors. With the 
valve in this (losician the gravity tank is shut ofT entirely from the rest of the 
system, holding its contents in reserve. If it is desired to fill the gravity tank 
when the engine t.s running the f«rur-way valve may he turned to its third running 
position, in which case fuel will be pnni]K'<l to the carburetors and to the over* 
head tank as well us from the main lank, it is also jtossible to fill the 
gravity ti»nk through a filler opening provulcd for use when the plane is on 
the groinxl and the engine not operating. 

Gasoline Pump Drive.—From tin* l«*vcl gear altacliwl by studs to the 
rear einl of the maiiish.nft of the IJl«crty engine, by which the engine water 
and oil pumps and the camsliafls and generator are driven, there are two sjdine- 
driven flexible-shaft drives ai the right and left .sides of the centerline of the 
engine, w'hicli lead upward and I Kick ward at m angle of about 45 tlegrees 
thnnigb Hexible tubing inst*ne<l ,nt that angle through tunnels in the upper front 
comer of the main tank. .iikI terminate at redneing iH'vd-gear drives on the tank, 
which o|K’rale the venicat gasoliue-piiin]) slvifls. at alxjut one-tliird engine s|<ed. 
These dit|»hcute lu-vel gi*ars are h<nis<*<l. and tlx* sliafts ix'netratc the tank to 
wells at the Uitti»m m which the vane-tyix* rotary gasoline puiut>s arc UH*ated, 
From <m*h gasoline inn up upwards tlaTe is a suitable pi|K.* which carrie.s the 
)nimpe<l fuel to the four-way valve. Ikiitulh the pump wtII i.s a cap which 
gives access to the tank for draiii.nge jmr|M>ses. 

Tlte coiislrticliou of the vane gasoline inimijs is shown in Figs. 751 A and 
751 H the latter showing the Uwi’bgear tirivc in tin* hmising It oii the to)i of the 
main lank. This Uwel gearing ;u*tnates a shaft C.‘ in a tuU* 1). which has a 
liearing 1C nii<l\vay aloug^ the length of the sliafl. Tlie skaft lenninates at V, 
where it engages a rotating luirrel G in tin* pump housing II. id which the 
|K)wer jvirlion I is M*ate<l in the well al tlx* iHittom of the lank. Ibm.sing If 
lias a strainer J which leads to lx lies K giving entry to the |»iinii) firessiire 
chanilHT- The rotating Iwrrc! G has a slot Ihnmgli it in which are two vane.s 
N heUl ajiart by a ngating spring M. The ^virts N wi»rk in tlie ecceiitrically- 
place<l pun 1 ]ling ch;mil»er 1., and In* acting as vanes, drive out all puiuiied fuel 
through llie clischnrge oiK*nings () to tlx* prcssureMlischarge ]*iih' F. 

Around I* are a shtling slcx*ve and adjustable holding-<lo\vn sjiring^ Q which 
work over the housing and close the Ixdes U tlinmgh the i«ik’ I*. It will Ik* 
noted that the slixwe O s<*ats on a 1 a|iere<l shoulder in whieh I lie Indes K are 
drilled at an up wan 1 angle, so tkit the gasoline under pressure in the <lisL*liarge 
tube V tends Ui lift the sleiwe Q oil its .scat. This len<leiu*y is connteructcil. 
however, hy the outside pressure <ii! the sleeve Q due to the w'eight of the gaso¬ 
line in llic lank, as well as by the holding down si>ring. 'Hie amount of jiressiire 
necessary to raise the relief valve off it.s seat will therefore vary according to 
the annmnt of fuel hi the main tank al any time. 

The nnmienl the gasoline t>ressure reaches a JX‘t value, such as four t>ounds 
per square inch for a full lank to 1}^ jiounds per scjwire inch for a low fuel 
head, sleeve (J is raise<l and the surplus fuel jwiSM's out through the relief oi>cn’ 
iiig foniied l»y the jiassage Uien available at R. ITie surjdus fuel then returns 
automatically to the sufijdy tank, in whieh the entire assembly is submerged at 
all times. (kisoMiie is forccrl fnmi each pump, iiti<ler to four ]Main<ls pres¬ 
sure, tliroiigh iudivi<lual gravity-sea led cl>eck valves to the distributor or four* 
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way valve. The check valves prcvetit either jniin|i discharpuK into the opposite 
side of the tank in case of failure of one of tiK' ^mnips from any cause. 

While this sysleni has a^lvaitiaRes aiul lias \Kvn molifit'll aiul uvxlerniieH 
by the Stewart-Warner interests and <»thers by usiiijj tank im muted electrically 
operated pumps, the wei^jhl of I Ik* pm ups ami pij>iiitt is greater than that of 
the systems where the fuel jiunips arc numnte*! directly on the enpne. which 
is (he latest )»ractice. This fuel jiutnp is illnsirated to show still another prac¬ 
tical method of fuel .snj)])ly in addition to tlu; systems slnm^n in various sec¬ 
tions of this treatise. 

Fuel System 

Fuel Tanks.- All tunk.s shall he accessible for removal and repair and 
shall l)e carefully nuninled to jirevenl dania^'e from shocks, excessive vibra¬ 
tion and weaving. Tanks must not l>c located to the rear <if any member 
of the crew except in rare cTrcunistances. such as in the case of armor plate 
.sejiaratiiij^ the tank and crew. It should he possible to remove a tank from 
an airidam*, which is in flying condition and Install a new one complete in 
four hours. Vents of tank'' shall be so l<H*ale<! that the vapor or fuel which 
miRht come thronjjh them will not be in danger of catching' Tire or of blow- 
in^r into the pilot's face. It shall be fvissilde to drain tanks conit»letely and 
<|iijckly. An < if 10111111* cor re sf binding to a / j-lnch j)i]»e thread shall Ik* used for 
tanks up lt> KK) uallon.x capacity and ?j-inch |>ipr thread f<»r tank.s of over# 
that capacity. It is desirable to make it pi»ssible t<i attach a hose for drain- 
itit* the tank. If a tank is <iprrate<l hy t*raviiy. the head of fuel an the car¬ 
buretor float chamber shall be .such that the engine will operate at full 
throttle when tlie airplane is at the sleeijesl climb. The auxiliary gravity 
tank capacity shall be sufficient to o|»erate the engine at full |Knver for 20 
to 30 mnnitcs at sea level. The main tank shall have u hopper bottom 
wdiich w'ill allow the water in the fuel to drain through the tank outlet with 
the tail on the ground. The gravity tank shall be so constructed and in¬ 
stalled that it will drain c<miplclely in either the stce]»est climb or at the 
best gliding angle. 

Leakproof Tanks.—■) .eakproof tanks shall be t>ro\iderl on all airjdancs 
for service use unless the tanks are completely prolecieil by armor. It is 
undesirable, however, t<» have tanks located in an arniored ctnujiartutenl 
or fuselage wdlh the crew, even if leakproof. l.eakprtKd tanks shall not be 
supported by brackets or lugs that are fastened directly to the tank walls. 
The sitpjiort for thc.xc tanks .shall consist of a ‘‘cradle" i»r “saddle" and the 
tanks shall be held firmly in position by straps or bands passing around the 
outside of the lank. 'I'he supi>ortiiig areas of the cra<llc shall he uf .such size 
that the pressure on the bearing surfaces will not exceed eight pounds per 
square inch when the tank is full. The weight of leakproof tanks of 40 to 
80 gallons capacity will be about 1 6 pounds per gallon of capacity or an 
average of 4..3 pounds per square foot of wall area. The walls of leakproof 
tanks will in general be from Vi 'A thick acros'j the top and 

A inch to A *nch thick on the sides and bottom. The tanks .shall be regular 
in shajic. without protuberances, re-entrant angles vr sharp corners. 

Crashproof Tanka.—Crashjiroof tanks shall be installe<[ on all training 
airplanes. The support of the tanks in the airplane shall be as described 
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for leakproof tank^. The pressure on the hearing surfaces may* however, 
run as high as twelve pounds per sr|uarc inch in crashproof tanks. The 
weight of a crashprcMif lank of 40 gallon.^ capacity will he about 1,25 pounds 
per gallon. The walls of crash]>nKif tanks shall average >4 to inch in 
thickncs.s. Tanks should be .smooth and of regular shape. 

A filler shall be )>rovTded on each lank in such position that the tank may 
he filled with the tail on the grfmml and from outside the airjdane. 

Tanks shall be .so designed that they will withstand an inside pressure, 
without injury, in accordance wilh the following formula, with the cxcej)- 
tton that tlie luinitnum testing |>ressiire shall be three pounds per square 
inch: 

DF 

P =-in which 

4 

P = tesling jjre.s.sure in i^rnituls |>er s<|uarc inch. 

1) = Depth in feel <*f tank mcasurc<l jK^rpeinlicular to the propeller axis. 

F = l.oa<l factor for fuselage static test. 

Plain Tanks.—'I'hc material shall be tinned steel made m accordance 
with A. S. Specification No. J0.i07. All .seams, including those between the 
splash plates anti the walls the tanks, shall he riveted and soldered where 
possible. C<j)q>cr or stdl iron rivets shall lie it'^etl throughout, Uic exposed 
» parts of the rivets being liniicd in ca^e iron rivets are uscti 

Leakproof Tanks.— l.eakjiroof tanks shall be constructed in accordance 
with A. S. Spccificatitm.H Nos. 28.3(X)antl 1fi,(X25. 

Crashproof Tanks.—Crashproof tanks shall be ctmstriicted in acctjrdance 
with A. S. Siiecificatitms Nt»s. 28„5()2 anti Ih.OL^. 

Piping and Connections.—The piping used in fuel svstcjiis shall he of 
seamless, annealed co]»(»cr tubing, ctmforniing to A. S. Sjicciftcalion No. 
11,048, tbc size of which is to be dcterminetl by the following considera¬ 
tions: 

(a) All vents shall be inch O. I). 

(b) FVimer tubings shall be % inch O. 1). 

(c) Carl)nrcit»r overflow drain lines shall be tiol less than J4 inch O. D. 
up to 401) horseptnver per carburetor. These lines must drain the 
bowls ill any normal flight ]K>silion. 

(d) In the main lines when the flow is undergo g^alUnis per hour, tubing 
should be inch O. D-; between 30 and 00 gallons ])cr btnir, inch 
O. D.: between f>0 and 100 gallons j>er hour, ^ inch O. D. j and be¬ 
tween 100 and 150 gallons per hour, ^ inch O. D. 

(e) Wall thicknes.s shall be hich for Jtnd J^-inch tubing, and 
%4 inch for J/i-inch, J4-incli and ^f-ineh tubing. .02.5-inch wall is 
lircferable for primer tubing. 

(f) All tubing shall be well cleaned inside just before installation. 

(g) All tubing shall ])e so mounted as to prevent vibration and chafing. 
This may be accoini>lishcd by j>rui»er use of clip.s. The tubing at 
clips and w'here touching other parts of the airplane shall be pro¬ 
tected by tape, or equivalent, suitably applied. 

All joints in fuel lines shall be made according to one or the other of 
the methods shown at Figs. 752 and if tube ends are joined by rubber hose, 
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the dimensions shown at Fig. 753 must he adhered to. 

In the case of the union connection, hard silver solder must he used in 
securing the cone to the tubing. Some api>rovcd means of locking the nut 
shall be provided. 

Care shall he taken to allow enough .straight tubing near n fleNihlc conrurction 
to permit the hose being slipped along the lube sufliciently to assure the 
easy insertion of the liner. Fuel tubing shi»nl<l never be beaded or flared. 
No tube shall l>e joincfl (o another by brazing, welding, or soft .s(»l<le^ing^ 
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Fig. 752.«Various Types of Fuel Pipe Connections Used in PowerpUnt InstalUtion. 


Strainers.--Unless the lank Is provided with an approved water sump, 
the strainer must he so located and piped that it will act as a water sump 
for the tank, with the tail on the ground. The strainer shall he rigidly 
inounled and sufficient clcamnce allowed above it to permit the removal of 
the screen, Unless the strainer is incorporate<l in the carlmrelor, a suitable 
strainer in the carburetor inlet will be imivideil. These strainers nm.st be 
readily accessible for cleaning. 

Priming System.—A ])riniing system shall be a part of every fuel sys¬ 
tem. The priming pump intake lines should he as short as p<is.stl>le and 
connected as shown on the typical fuel system previously described. The 
priming pump shall he so located as not to be under pressure when the en¬ 
gine is not running. 

Carburetor Air Intakes.—Each carburetor shall he provided with an ex¬ 
tended air intake pi|»e through which air can he drawn from outside the 
engine compartment. The outer end of the pipe shall he beveled 30 degrees 
to the pro]>cller axis, sloping forw^ard. the for\vard end of the bevel being 
about (me inch beyond any obstruction to the air flow. The air intake pipe 
shall at no point he of smaller internal area than that ])rovided in the con¬ 
nection at the carburetor. There shall he no openings whatever in the air 
intake pipe within the engine compartment. The joint between the pipe 
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an<l carburetor shall he gasoline tig^ht. 

Exhaust System.—The exhaust pipe or pipes shall be arranged so that 
exhaust gases are carried clear of the crew and do not discharge, directly on 
any part of the nirjilane where the gastdinc * overflow could he ignited by 
them. The cxhau.st manifold .shall always he outside of the cowl, never 
within it. if the exhaust manifold is sn[)])ortcd hy any part of the airjdane 
structure, provisum shall he nia«le to (ircvcnt undue strains due to expan¬ 
sion. The insulc radius <»( all hends in the exhaust pipe shall not be less 
than twice the <haiueter of the pipe. A clearance of 2Yi Inches at least shall 
he provided between the exhaust manifold and wtMxlcn parts of the airjdane. 
Near fabric parts, the air space or clearance should never be less than 
inches. In case any woihI or fabric paru are localeil directly behind the 
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Fig. 753.^U. S. Air Service Approved Flexible Fuel Line Joint Between « Female 

Pipe Thread and Copper Tubing. 

exhaust manifold, the clearance shall be increased to five inches. Exhaust 
manifohls which partially muffle the noise of (he exhaust are desirable 
hut should not be usetl if the functioning of the engine is in any way im- 
pairetl. 

Plumbing Troubles.^Commenltng editorially on the subject of some 
flight failures that were the re.snit of poor fuel nr oil connections and not 
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of the engines themselves, /fWat/cm jKiInts out that more attention to details 
of installation such as (iicl, oil and water piping is necessary when airplanes 
arc designed, commenting as follows: 

*‘As a continuation of Atlantic flight attempts seems to be inevitable, 
one might as well take advantage of the situation and draw such conclusions 
as may be derived from analyzing the cau‘»es for the failure of the flights. 
Courtney's flight, Francos* flight and the Polish flight were all three ter¬ 
minated by what is popularly known as 'pbunbiiig* trouble, In none of 
the instances cited was there any failure m the engines, Imt in all three 
cases the engines sl(jpped through failure i>f the feed lines. The failure of 
Franccjs* foiir-cugincd Dornicr plane was the most striking. A]>parcntly 
.ill four engine.s <pnt at so nearly I he same time that a hasty descent from 
a low allitutlc bail to be made and the plane was very badly damaged. On 
investigation it uas found that ibc gasoline piinipnig system had failed and 
apparently e\en the best <»f engines will not nm without gns(»linc, It %vould 
seem as if this sluiuhl have been realizerl before an<l that an independent 
pum)>ing system should haw been in ojieralion fur each eiigme. Wi^rking 
out a system where each enguie is indcpeiideut of the other, yet at the same 
time can use tlie gasoline of any other engine is not as sim|)lc as it sounds, 
lull it ciTtamh can be \vorkc<l out. 

*’l!i the case of the Polish fliers the od system tailed, but as the plane 
was wrecked it may be hard tej ascertain exactly what bapi'iened. Appar¬ 
ently the failure was nut in the jmniping system but in the i>ii>ing system, 
as liicre was ;in evident and large leakage of oil. In Ibe case of Captain 
(.’ouriney the faibirc was d\ic to the breaking of the main g^asolinc feed line, 
lividciitly cither the material used was faultv, «ir. nhal is more likely, it 
\Nas so supixirtcd that it was subject to excessive strain ami that failure was 
merely a c)ucstii»n of tune, in either case the danger of running gasoline 
lines through sjiaccs cmdose<l hy cowling ami close to the c.xhaust was 
dcnionstratcd- 

**Tlic arraiigctncnl of feed lines is not an exact .science and the stresses 
invol\ed arc not as calculable as tliosc on a wing <»r crankshaft, but none 
the less, it would seem as if eiiongh cxjienence had been gathered to pre¬ 
vent so many failures from such causes. Of roursc, all the jdanes in (jucs- 
lion were iu a sense expenmcntal and tlic particular installation had not 
been Icstcil in the teii.s of llnuisamis of miles of flyings which standard types 
run iiji. It is evitlent, however, that the arrangemeiit uf the feed lines, 
esjieciallx for the uew‘ tt jie.s uf engines w hich arc being brought out, is a 
matter whicli nijuires tlie greatest care, and it sliouhl not be left to the 
shi»p mechanic or even to tiiosl plane designers. To the flier the failure of 
a feed line is just as .serious as ibc failure of a crankshaft, and if engine 
manufacturers care about the rcimtatioii of their product they slumld check 
carefully with the plane manufaclurcr the details of the engine accessories.'" 

Causes of Airplane Accidents.— II. C. Dickinson, chief of the Heat and 
Power Division. Hurcau of Standards. ha.s dcscrilied laboratory and service 
tests of engine safety. He enumerated five |>oiiits which were chief con¬ 
tributing factors to accidents caused hy jKWverplant failure: Mechanical or 
structural defects iu the engine; failure of fuel supply; failure of ignition; 
failure of the lubricating .system, and failure of the cooling system. Of 
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these, failure of the fuel su|>p1y and ignition are the most prolific of accident, 
with mechanical or structural defect coming second. Secondary causes of 
these accidents, due to a personal aspect, are carburetor control, control 
of engine spec<l—where pilots drive their own planes at top speed or above 
rated ])ower—and carelessness in the choice of fuels. 

Charles I-. Lawrance. president of the Wrigltt Aeronautical Corp., 
speaking im the safely reijuircnients <»f an aircraft engine and its installa¬ 
tion, has ]>oiiitc<l out that the engine for successful aircraft use must be 
made to meet conditions far from the ideal. Careless mechanics will not oil 
all parts as they shtmUl be oiled and pilots may not use the correct grade 
of gasr»lint* or oil. These arc factors which cuter into the operation of an 

aircraft motor which make it neccssarv to cimslruct these motors with a 

• 

high factor of safety. Kngines must be designed and inslalleti. he said, 
so that they will stand <»vcrloading, so that ice will uoi f<irm in Ihe car¬ 
buretor under anv conditions ami so that all accessories will be easily ac- 
ccs.sible f<ir maintenance ]>urp<i>cs. Some of the features which he reg.ards 
as necessary for a goorl ,iiri*raft motor arc oil cleaners, ]ir<itectiou of igni¬ 
tion W'ircs. nntltiple valve springs, dual ignitii»n and some method of [>re- 
venting lirokcn vaKes from falling into cylimlers. IMiese conditions arc 
fully met hy the latest designs of avintHin engines. 

In the two years ami a ijuarier since by Act of Congress an Aeriniaulics 
Brandt was cstabbsbed in the Deiiartmenl of Ciimnicrce the numl>er of 
civilian-owned planes has risen fr<m» 2.2lX) to H,500. and lb,008 original 
examinatuins for pilots have Keen certified, 3,(i8R jiilols licensctl. l.<)50 can- 
didate.s have ina<le preliminary exaniinatimis. ami have received 

students' perm its. In llic evcrcise of its functions llte Aeronautics Brunch 
has surveyed am] liglMcd approxiniately 8.fKX) miles of .airways ,and has a 
program for conijiletiiig 7,OUO more. The total mileage in civilian airways 
is now 14,341 finished or planned, and there are I,.187 airports of all kinds. 
The branch has devisecl nn%igation aids, e^tahlished flying rules, outlined 
standards for planes and etjiiipmciit, and kciit tabs on each flier's hlness 
for the air. 

In ctTorts to <lecrease accidents and increase safety the Aeronautics 
Branch recently established an Accidcnl Hoard, consisting of two pilots, 
one slaiistician. one flight surgeon, <Hie aeronautical engineer and one 
lawyer, the intentum being to ajiply si>ecializc<( kmnvle<lgc to each phase 
of the problem. The bt^ard takes and analyzes an acci<lent for jicrceiitage 
of causes. These arc treated under ft»ur general heads—personnel, ma¬ 
terial, miscellaneous, undetermined and doubtful. Under pilot (personnel) 
for the period from January 1 to July 1, 1928, there were five classifications 
of error for accidents due to the pilot. These were expressed in per¬ 
centages: Error t»f jiulgmenl, 8.45; iK>or technique. 22.95; disobedience of 
orders, 4.95; carelessiies.s or ncglig^ence, 6.32. and miscellaneous. .62, or a 
total of 43.29 per cent due to errors of pilot. 

Under material, the accidents were classified as due to powerplant, 
structural, handling cjualities and instriinient.s. All these are broken down 
to other subheads. Under **powerplant’* the board found cases traceable 
in the following percentages: Fuel system, 5.12: coolings system, .57; igni¬ 
tion sy.sleni, 4: lul)ncati<m system, .13; engine structure, 1.29; propellers 
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and accessories, .44; engine conlrnl system, none; miscellaneous, .45; unde¬ 
termined, 4.59, or a total of 16.59 per cent due to powerplant failures. 
Similarly, under “structural/* the accidents were attributed in percentages 
as follows: Flight control system. .85; movable surfaces. .35; stabilizing 
surfaces, none; wing, struts and bracing. 1.09; undercarriage, 1.64; wheels, 
tires and brakes, .19; pi>nt<x)ns or boat. .03: fuselage, engine mount and 
fitting.^. .75; tail skid assembly, .19: miscellaiie<ms. .23; undetermined, none, 
or a total <»f 5.32 per cent due Ut slniclural failures. 

Handling cpialities were given for .44 per cent of the cases and instru¬ 
ments none. It was thus f<mnd that 22 35 ]H*r cent tif the causes were fail¬ 
ures of material. Miscellaneous reastMis added 24.13 per cent; aiul only 6.78 
per cent remained for the *‘undctcrminr<l and doubtfur* clas.sificntion. By 
this method it is jwssible, according lo ofTtcials, to trace causes right down 
to magneto points, and hence back lc» faults of manufacture. Through a 
kindred system <d vital statistics it can be ascertained which class of flying 
has the most accidents. For the first six months of 1^>28 only s34 accidents 
were in schetiule flying, in student instruction. 17 in experimental flying 
and 270 miscclluncou.s. Hearings arc re^pilrrd where there have l)ccn acci¬ 
dents in order that the fullest |K»ssible information may be obtained. 

Fuel Tanks and Supply Systems.—'Phe pniblem of gasoline storage and 
metluKl of .suiJplying the carburetor is one that is dctcnuine<l by design of 
the airplane, the desired crinsiug range and anioinil ui engine power sup¬ 
plied. While the tibjecl of de.signcrs should be to suptdy the fuel to the 
carburetor by as simple means as p<»ssd)lc the fuel suj^ply system of some 
airplanes is <|uite conijilex. 1*he fir.si ]ioint to consider is the locatimi of the 
gasedine lank, 1'his depends u|Kni the am<nitU of fuel needed ami the space 
available in the fuselage. The fncl rei(nireniciits may be estimated from 
the i>erf<irmance curves of the engines used. 

A very simple and compact fuel supjdy system may be used on training 
planes. In this instance the fuel container is placed immediately back of 
the engine. The carburetor which is carried lower than the engine or tank 
is j<jiiied to the tank by a short piece id copj^er or fle.xiblc tubing. This is 
the simplest jnissiblc form of fuel siipjily system as gravity is cni|il<»yc<l to supply 
the fuel. The fuel tanks may be placed at the sides of the fuselage as in 
the Vought Corsair plane. 

As the .sizes of engines incrca.se and the tnoverplant fuel Cimsumptioii 
augments it is necessary to use more fuel, and to obtain a satisfactory flying 
radius without freijucnt lamliiigs f(*r filling the fuel tank it is necessary to 
.supply large containers, some oi which may be carried below the engines. 

When a very jxjwcrful jKOvcrplanl is fitted, as im comnuTcial plane.s of 
high capacity, it is necessary to carry large (juantities of gasoline. In order 
lo use a tank of sufficiently large ca|>acity it may be neces>ary to carry it 
lower than the carburetor. When installed in this manner it is necessary 
to force fuel out of the tank by air pre.^^sure or to jmmp it out with a hand 
or wind driven suction pump to auxiliary tanks from which the feed may 
be by gravity because the gasoline tank is lower than the carburetor it sup¬ 
plies and the gasiiliiie cannot flow from the main tank by gravity as in the 
simpler systems. The j>ump feed systems arc generally used in airplanes at 
the present time. 
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The fuel system of the DH4 airpfanes iircviouj'ly shown and described 
is typical of instaUations where fuel is disjdaced by air pressure from the 
main lank to an auxiliary lank in the center section. Twcj air pumps are 
used, one driven by the enfpiie, the other by liaml. In the type shown the 
main tank is carried hack of the forward cockpit, a not entirely desirable 
location which was afterwards changed hy pnUinjf it inimcdialely hack of 
the engine. A special fitting is usc<l hy which fuel may he supplied to the 
carburetors from the auxihary tank or from the main tank. I'he han<I pump 
is used to produce initial pressure on the main tank and fill the auxiliary 
tank hy air displacement. Normally, the three-way pump valve is turned 
to the closed position. While in flight, the engine driven air punij) supplies 
the air to the main fuel lank. Stnnelimes fuel is transferred from a main 
tank to auxiliary tank.s hy air propeller driven fuel pumps suiiplemcntcd hy 
hand ]muips. 
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The fuel svsteni rectnuiuended hy the engineers of the Fiat company 
r>f Turin, It^ily. is tyjiical of mn<lern practice. The main reservoir is carried 
hcl(»\v the carlmretor level as shown at Fig. 7.^4. A feed tank supplies the 
rarhiircf<'rs hy gravity if desire<l and may he filled hy the motor driven 
pump or l>v the hand pump. In event of failure of the motor driven pump, 
the hand pump of the “wobble type’* ^^ill draw fuel from the main reservoir 
when the petcock A is opcnetl. The feed tank, carried above the carburetor 
level has an overflow pipe leading to the main reservoir and can only be 
filled to a certain height. All fuel from either the main tank or gravity 
feed tank must pass through the filter before reaching the carburetors. 
The overflow passes through the sight feed gauge glass visthle to the pilot 
and indicates when the gravity tank has been filled. A regulator device is 
incorporated in the main pump line as indicated, so a jK>rtiou of fuel pumped 
in excess of the carburetor rcquircincnls passes into the gravity feed tank. 

Fuel Pumps.—The double plunger pump used in the Fiat fuel supply 
system is showm at l^g. 75S. This is simple in construction, the plungers 
being worked up and down in the cylinders by an eccentric shaft. The 



1598 


MODERN AVIATION ENGINES 

plunger or piston is double acting and two plungers are used. The intake 
checks open on the suction stroke and the discharge checks on the discharge 
stroke. Owing to the number of pulsations in each revolution of the pump, 
fuel delivery should be very regular. The plunger pump used on the May¬ 
bach 300 horsepower engine to supply the carburetor is shown at Fig- 756 
B. In this the plunger is reciprocated by a crank and Scotch yoke working 
in oil at all times, a special lead supplying the lubricant to the Scotch yoke 
chamber, ('heck valves regulate the fuel flow In and out of the cylinders 



Fig. 7Sectional View of Maybach 300 Horaepower Engine Carburetor at A Uaea 
an Overflow Chamber to Regulate Fuel Supply Inatead of Conventional Float Bowl. 

The Sectional View at B Showa the Gasoline Pump. 

in the usual manner. The carburetor is a type that does not use a float 
chamber, the fuel level being umintaiiied by .in ewerflow pijic which allows 
exces.s fuel to drain back to the supply tank. A diagram of the Maybach 
carburetor is shouii at Fig. 7.Vi A. Other forms of fuel sui>i>ly pumps have 
been devised and several forms have lieen illustrated and dcscriljcd. These 
include metal bellows ami diaphragm types mechanically actuated and dia¬ 
phragm types electrically or mapietically actuated. Various forms of ec¬ 
centric vane and gear pumps have also been used and representative 
examples will be found described and illustrated in various portions of this 
treatise. 

AC Fuel Pump.—The AC fuel supply .system is of the diaphragm type, 
an external view at Fig- 756 C sh<nving simplicity of the appliance, the 
sectional view at Fig. 756 D showing the internal con.struction. This dia¬ 
phragm is composed of several layers of csi»ecially licat^ flexible cloth 
material, which is impervious to gasoline and beniol, This cloth material 
(A) is held between two metal discs (B) and is pushed upward by a pump 
spring (C>. In its upward ]io»ition the diaphragm almost fills the pump 
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chamber (M) so that in Tts downward movements a very high vacuum is 
obtained, thus assuring high pumping capacity even at low speed. The re* 
peated H inch movement of the diaphragm is possible indefinitely without 
injury, due to the extreme flexibility of this material. Further, the extreme 
movement of the diaphragm occurs only when the carburetor is empty. 
When the carburetor is full, this movement is greatly diminished, beji'g 
directly proportional to the amount of gasoline used by the engine. This 
means that in practically all normal driving conditions this <lia]>hragni is 
pulsating in a movement of a few thousandths of an inch. This movement 
is controlled l)y linkage (F) because when the diaphragm is in the depressed 
]>(>sition due to sufficient fuel in the carl)uret(»r the reciprocal movement of 
the lever (D) will merely cause a movement (d the linkage (F) to the right 
as shown by the arrow. 



Pig. 756 C and D.«-tUu8tration« Showing Conitruction of AC Diaphragm Pump Fuel 

Supply System for Automotive Engines. 

Folhiwing is a tlescription of a complete cycle in the movement of the 
fuel pump. (Sec Fig. 75(> l>.) Uy rc\olving shaft ((}) the eccentric (H) 
will lift rocker arm (D) which is pivoted at (H) and which pulls linkage 
(F) together with diaphragm (A) held between metal disc.s (B) downward 
again.sl s])ring pressure (C) thus creating a vacuum in pump chamber (M). 
Fuel from the rear tank will enter at (J) through strainer (K) and suction 
valve (L) into punn> chamber (M). On the return stroke, spring pressure 
(C) pu.shes diaphragm (A) upward forcing fuel from chamber (M) through 
pressure vahe (N) and opening (O) into the carburetor. 

When Ihc carliuretor bowl is filled the float in the float chamber will 
shut off the inlet nee<nc valve, thus creating a pressure in pumj) chamber 
(M). This pressure will force diaphragm (A) downward against the spring 
pressure (C) where it will remain in the downward ptisition until the car¬ 
buretor requires further fuel and the needle valve opens. Spring (P) is 
merely for the purpose of keeping oi>crating lever (D) in constant contact 
with eccentric (H) to eliminate noise. 

The company now has under development a large capacity fuel pump 
made of alloy steel and magnesium, which supplies sufficient fuel for a 500 
horsepower engine and weighs complete less than two poun<is. 

Pressure System Has Fire Hazards.— The system of fuel supply involv- 
ing pressure in the supply tanks to transfer the fuel is not favored because 
there is more danger of leakage and a consettuently greater Are risk than 
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when there was only atmos]>heric pressure in a vented tank. Modern air¬ 
planes depend on engine driven fuel pumps to deliver fuel from the main 
tanks directly to the carburetors in sonic instances, in others, the mechani¬ 
cal fuel pumps deliver the gasoline to auxiliary tanks, from which fuel feed 
to carburetors is by gravity. When pressure is carried in the main tank, 
any slight leak aroimd a rivet or in a soldered seam permits more fuel to 
escape than woul<l be the case in a vented lank. During the War and for 
some time afterward, an air pressure system was used to su]>i)1y fuel to the 
carburetors. A small engine-driven air pump maintained a pressure of 
two to four pouml.s per .stjuarc inch on the tanks. Air pressure on the tanks 
constituted a very serious fire hazard in the event <jf a crash. 'Hie l.irge 
tanks must ?»c t»f very light construction and are therefore fragile. In the 
case of a burst tank, the air pre.ssnre caused ga.sobne and vapors to be 
sprayed annnul in the debris with almt»st n certainty <»f some of it liixllng 



Pig. 7S7.<~Nose InBtallation of “Whirlwind" Aviation Engine on Keystone Airplane 

Showing Oil Tank Installation Back of Motor. 

its W'.iy to the hot exhaust stacks. At present, it is general practice to lead 
the fuel from the tank thnnigh a bypass around a hand puniii, which can 
be operated by the pilot in case of necessity, to a very small engine-driven 
fuel pump. This ]>ump delivers the gasoline directly to the ciirburetors 
at a pre.ssure of from four to five pounds per s(|uare inch. A small spring- 
loaded valve is used to regulate the jiressurc and the overflow is returned 
to the tank. This overflow should not be returned to the suction side of 
the pump through a regurgitating valve because, at great altitude, the fuel 
becomes highly volatile and many bubbles are funned in the supj}iy line, 
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Fig. 7$7A.^Sectiona1 Vi«w of a Stromlwrt Aviation Carburetor Showing the Float and Float Controlled Needle That Maintains a 
Conatant Level in the Float Chamber aa Indicated by the Dotted Line Marked “Fuel Level*' The Float Rises When the Proper Level 

is Reached and Moves Needle Valve Against the Seat in the Fuel Inlet Chamber. 
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and if returned to the supply air bubbles vould cause the pump to become 
airbound. 

Oil and Fuel Tank Location.—The oil tank should be located immedi¬ 
ately behind the engine and as close to it as possible. For all ordinary 
purposes a capacity of five gallons is ample for a 200 horsepower engine. 
The oil pipes from tank to engine should be short and direct, avoiding sharp 
bends which offer resistance to the free flow of oil. In case the airplane 
is to he used in extremely cold weather, that is. at temperatures below 
7ero Fahrcnlieil. alt nil lines as well ns the oil tank should be lagged with 
asbesto.s sheet cc»vcred with d<»ped fabric, thus prcvcnliitg rapid loss of heat 
nn<i improper engine hthricatiun through unduly thick oil. It is permissible 
to install the oil tank ns high us twenty inches hImjvc the crankshaft center, 
since the oil will not drain into the engine when not in operation. The oil 



Pig. 75 a.—The Supermarine '^Southampton** Twin Motor Plying Boat hat Large 
Gravity Feed Fuel Tanki Mounted Below Upper Wing, One Tank for Each Motor. 

Main Fuel Tanka are Carried in Hull. 

tank installation in the Galcs-l)ay new Standard is shown at Fig. 748 and 
in the Keystone transi>ort at Fig. 757. It is reatlily accessible in cither 
of these locations and will be healed by the warm air passing through the 
radiator in Fig. 748 and from the air-cooled cylinders in Fig. 757. 

The fuel tank can be installed in any convenient location, gravity feed 
to the carburetor being preferred but not required. As an accessory, an 
engine driven fuel pump may he obtained with most engines which feeds 
gasoline to the engine at adjustalde pressure. With the airplane tail skid 
on the ground a head of at least twenty inches should be allowed so as to 
assure a steady flow of gasoline to the carburetor under all conditions if a 
gravity tank is used either as a main reservoir or a feed tank. The location 
in the ''Supermarine'’ seajdanc is shown at Fig. 758. The gravity tanks 
are mounted under the upper wing, one over each engine and these are 
placed high enough lu insure gravity feed to the carburetors. There are 
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two objections to this tank location compared to location m the wmgfS. 
They are hard to fill if used as main reservoirs and offer parasitic resistance. 
The advantage is their accessibility for repairs and the case with which 
fuel connections can be inspected (or leaks. 

Duralumin Fuel Tanks.—When airplanes were first built. light gauge 
tinned copper was employed for fuel tanks, and bras.s and tcmeplate were 
also used. The reason for using these materials, despite their great weight, 
was that the tanks were of relatively small capacity and could be easily 
soldered at the joints and seams. As fuel tanks became larger, lighter 
materials were sought as the cuprous and fernms metals or alloys were 
much too heavy. Duralumin has been succcs.sfully employed for fuel tanks 
by the Curtiss Aeroplane and Motor Comjuny and other constructors; but 
through the discovery of a new plating process, it is possible to solder the 
material instead of welding it as was necessary in the past. 

Inability to solder aluminum satisfactorily forced the use of a welded 
construction on these tanks. This type of construction was extremely 
difficult and expcn.sive, and the appearance of the Hnished product was not 
highly satisfactory. In addition, service difficulties developed; a sediment 
formed which interfered with the gasoline flow'; leaks were fretfuenl. and 
repairs in the field were difficult—in fact, almost impossible. In spite of 
these drawbacks, alnminuin tanks have come to he extensively used in air¬ 
craft, solely because of their great weight a<lvaiitage. It is interesting to 
note that probably the first aluminnm tanks to be used in this country w'cre 
those built by the Curtiss Company and in.stalled in the KC boats, one of 
which, in |9|9. made the first flight across the Atlantic, via the Azores. 

Realizing that the ideal type of tank would be one which would combine 
the lightness of the alnminuin type with the low cost and excellent .service 
features of the brass tank, the C'urtiss Company set about to develop such 
a tank, and. after a grc.nt deal of research and ex]ioriii]entati(»]i. has produced 
a duralumin tank. The special nickebplaling process was developed by 
William J. Tr.ivers, of BulTalo, N. Y.. and Curtiss is the sole acr<manlical 
licensee. Plated duralumin tanks, therefore, can be made by the .same 
methods as brass tanks, which means ease and low cost of manufacture. 
They stand up well in service, develop no defies it to interfere with fuel flow, 
and, if damaged, can he repaired easily w'ith an ordinary' soldering iron. 
Combined with these a<lvaiitages is the extremely low weight of the dura¬ 
lumin. 

The importance of this weight saving can easily be seen when one real¬ 
izes that on the Curtiss Hawk pursuit plane, for example, a saving of about 
45 pounds has been realized by making the gasoline and oil tanks of dura¬ 
lumin instead of brass, and this .saving would, of cour.se, be increased in 
larger machines. Since the weight carried by the Hawk is 6^ pounds per 
horsepower, the saving of 45 pounds means that seven horsepow er has been 
released to do useful work in propelling the airplane. Plated duralumin 
tanks have undergone all kinds of service tests for the past two years, and 
have shown up so satisfact<iri]y that all tanks now being made by the Cur¬ 
tiss Company, including those for the U. S. Army and Navy Hawks and 
the Army F'alcons, are of plated duralumin. These tanks are also being 
manufactured by the Curtiss Company for the trade. 
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Various forms of crash-proof and bullet-j>roof tanks in which double 
walls with some special scaling compound between them, intended to close 
any h(»les in t)ie tank atUomatically or tanks provided with special cover¬ 
ings to do the same work have been cxperiincnlcd with for military air¬ 
planes but most coTTuncrcial machines use single walled tanks. Tanks of 
very large bombing planes are sometimes provided with quick opening 
<iump valves so the j)lane can he qnickly lightened hy discharging main 
lank contents in event cd having make a forced landing due to motor 
failure while heavily loaded. It is not always jiractical to land a very heavy 
plane with a dead stick w ithout danger a crash due to landing gear failure 
if the ground surface is not extremely favorable to a smooth landing. In 
nntlti-niot(>re<l airplanes. In event of otic engine stojjjiiug. it may be neces¬ 
sary to lighten the ])lanc by releasing some td the fuel in order to maintain 
(light umlcT certain conditions. SnnilkT commercial jilaiics arc not pro¬ 
vided with snch valves, In some types <»f militarv airt»bincs. the fuel tanks 
are so in.stallctl that ibc entire main tank may he dr<q»}icd from the fuselage 
ill an emergency, When laiul jdancs are tljovn over water and a fo-ced 
landing inipcrnls, a tlump valve is valuable hecanse Considerable flotation 
jiroperlies may be present in an empty large capacity fuel tank that will 
help keep the airplane adout» the tank must hu provided with means 
for quickly emptying it. 

Installing Typical Water Cooled Aviation 
Engine^The Curtiss D 12 

Unpacking Curtiss D12 Engine.—C'liriiss Model DI2 engines arc shipped 
from the faclorv eiicli»se<l completely in substantial boxes. Each engine is 
bolted to two beds or sills moimied on the bottom of the box. To unpack 
the engine, remove the wo(k1 screws which luild the eight sheet steel straps 
to the sides of the box. or on s<mie boxes the six holts bolding the three- 
eighths inch steel straps together. The cover of the box and the four sides 
may be lifted vertically from the floor of the hnx. (See Fig. 75^.) The 
tool kit, accessories an<l other niiscellaucoiis ctjuipmcnl are boxed in a 
separate compartment of the packing case. 

In hoi.'sting tlic engine fnmi the sills two flexible cjuartcr-inch diameter 
w'ire cables about eight feel long should be used. The.se cables should be 
bound with (ape or rawhide protect the engine enamel. The cables should 
he p[ace<l around each cylimler block under the exhaust |M»rt.s and l)etween 
Ihc cylmclcT head ami camshaft dnveshaft housings. He careful to avoi<] 
having the cables catch on the slmis. 

Do not use **dcq>c“ solvent, alcohol.mixtures or benzol for cleaning the 
engine as they arc paint removers. Avoid wetting the magnetos. Light 
grade Corol comijouiul manufactured by the Stmonize Co.. Chicago. Ill., 
is used for rust prevention ou the exterior of the engine. It need not he 
removed when the engine is }mt into service. 

Installation of Curtiss D12 Engines.—1'he engine shouhl he well braced 
and the structure should show no undesirable vihrutiiui when the engine is 
in operation. Three-eighths inch engine bed IxjKs should he used. If 
wooden hearers are used they should he metal faced under the engine legs 
or supports to prevent chafing. All legs should rest evenly on the beds 
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before tightening the ''hold down'* bolts. Washers approximately one and 
one-half inches in diameter by one-eighth inch thick should be used on the 
lower side of the bed to prevent the head of the holt or the nut from cutting 
into the wood. Nuts should be cottered carefully. Always use a inch 
steel plain washer between the aluminum leg and the nut. A typical instal¬ 
lation is shown at big. 760. Wiring:—Wiring to the magnetos and hand 
starter should check with Diagram C-4.052 (Kig. 70l) for Sjditdorf SS-12 
niagiielos. 



Pig. 759.—Shipping Crate Used for Curtiss D12 AvUHon Engine. Illustration Also 
Shows Correct Method of Slinging When Transporting Motor. 

Carburetor Controls.^Thniitlc and niixuire controls should open ami 
close fully anil easily, and there should be sufficient friction on the levers 
in the c<K*kpit ti» jirevont any changing of the |>osition of the levers in flight 
CNCC(jt by the pika. A lock shimld be provided for llio throttle to hold the 
lever ill the closed jiosition, so that the operator can start the engine alone 
without (car of the airplane running away when wheel ‘'chocks'* arc not 
available. 

Fuel System.—-It is recommended that .ill fuel connections between dif¬ 
ferent units in ibe installation uliich might vihrnte relative to each other 
!)C made with a short length of gusidinc resisting ndihcr hose, using a con¬ 
nection designed tn prevent actual contact of the h(»se with the fuel in the 
pipes a.s .shown at Fig. 75.1. Thus mellKKl of connection can he used with 
100 per cent henzol without deterioration from the luse of this fuel. A flow 
indicator should be used in the overflow line from the reserve tank, if pos¬ 
sible. to indicate to Ibe pilot whether the gasoline pump in tir is not working. 
Drains from the carburetor air scoop should he led outside of the airplane 
fuselage. 'J‘hc gusoliue pump should maintain from three to five pounds 
per sipiare inch gauge pressure. The lotv compression engine (.5,3 to I 
compression ratio) .<hould use domestic aviation gasoline or its equivalent. 
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Use a mixture of 25 per cent lienzol anc) 75 per cent domestic aviation 
gasoline for the high compression engine. 

Cooling System.—All water connections should he made with suitable 
hose clamps and should not be bound with tape under the hose, over the 
hose, or over (he hose clamp. Inspect all joints for leakage after the system 
has been filled with water. Great care must be taken to vent the cooling 
system so that air or steam j>ockcts can nui form. The header tank should 
be located as high as |K).ssil)lc above the engine and the cooling water should 
circulate through it. The discharge into this tank should be located so 
that the water will imt surge out of the overflow or vent ]>ipe. Any point 
in the engine which might be higher than the header when in flight should 
))e vented by means of a small \n\)t to this tank, and the outlet of these 
vents shouhl always be the highest peunt in the system. 

No .inti-frecze cotniKmnds containing salts or alkali should be used in 
the engine, a.s they corro<lt the almninum water jackets and water pum]>. 
Alcohol or glycerine are rccuminended. as shown m the following tabula- 
tion: 


WATER AND DENATURED AbCOHOL ANTI-FREEZING MIXTURE. 
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50 
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Ice crystals Mart torm at tlir ah<»vc temperatures, tlie soluiittiis fre«‘ziiia Milid at 
temperatures ab>ut 10* lower. 


Alcohol-water anti-freezing mixtures have probably been most com¬ 
monly used to date, owing to the fact that alcohol is easily obtainable at 
reasonable cost. The grade used may be cither denatured or wood alcohol. 
Alcohol solutions do not have any greater tendency to corrode the metallic 
parts of the system than water alone. However, wood alcohol will often 
contain free acetic acid. It is advisable as a rc.sult not to use wood alcohol 
unless it is definitely known to be acid free. Where using alcohol it is im¬ 
portant to remember that this product will evaporate far mc^re rapidly than 
water. Hence a certain amount must be added as make-up from time to 
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time to keep the concentration of the mixture as desired. Fcir this reason 
it is well to test the specific gravity uf the alcohol mixture regularly with- 
a hydrometer calibrated for temperature correction, and check the reading 
with the above tabic. 

Alcohol, however, lowers the boiling ]>oint of water to quite an extent 
if used in large amounts. Consequently, it may frctpiently haj^pen that 
nn a comparatively warm day when the engine is ‘’idled** the sedulion will 
boil readily and abnormal evaporation w’ill take place, thus raising the 
freezing pidnl of the remaining mixture. To overcome this iendoncy it is 



Pig. 760.^In8UUation of Curtiu D12 Engine in Curtiu **Hawk*' Airplane. Note also 
Radiator Suspension Below Crankcase. The Motor Mount is of Steel Tubing and ia 
a Braced Cantilever Type Typical of Approved Modem Practice. 

often preferred to use a mixture uf equal j^arls of alcohol and glycerine, etc., 
as the anli-freeze component in the c<x>ling water. A special cooling liquid 
known as Prestone has been used succes.sfully and i.s not .so apt to boil away 
as alcohol. 

Propeller.—In mounting the propeller on the tapered end of the crank¬ 
shaft, extreme care shuuhl bo exercised. Clean the .shaft and the hole in 
the hub. Lubricate the crankshaft, the tai)ered hole in the hub and the 
threads both in the huh and the nut with cylinder oil. Do nut use graphite 
in any form. Note that with the hub pushed on the taper by hand that there 
is .002 to .004 inch clearance between the hub and .shaft at the small end. This 
is done to prevent chattering and seizing at the large end of the taper. The 
hub should not be lapped on the crankshaft ta)>er on the Curtiss D12, 
though this procedure is advised by some oilier engine builders. 
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Start the attachinjif nut about one thread on the crankshaft before start* 

. inp the outsklc threads on the nut into the huh. After the nut has been 
tightened securely, the fine threads on the outside of the nut should be 
flush with the end of the huh or there should he about two threads project¬ 
ing. Never have these fine threacis screwed below the end of the hub, or 
have more than two threads showing. 

When mounting the “R*' type pii»pcllcr with its steel sleeve the locking 
pin must enter the hole. Tighten the nut as tight as possible, using a four 
foot bar ^ inch in diameter. The tighter the huh is put on the shaft the 
easier it will come off later. Clean nn<l oil all threads well before assembly. 
Put ill the locking ]mii and wire it with iron wire nrouiul the end of the hul) 
in the grwive tirovidcd. Wlicn mounting the propeller on the hub, the 
pr<jpeller shoidd be carefully traeketl within onc-cighth of an inch. All 
nuts arc cottcred, 

Lubricating System.^ln connecting the oil tank to the engine never 
locate the tank st* that the bottmn comes nmre than six inches below the 
oil pump inlet which is marked “Oil In.*’ Also do nttx locate the oil lank 
above the engine. The suction line from llic t:mk shouhl be at least tlrce- 
<|uarters of an inch inside diameter. Figure to have at least two galUnu of 
oil left in the tatik after the gasoline .supply has been cxhaitsled. Also have 
at least two hundred cubic inches of e^j»an^ 1 on ^|>ace (e(|ui\alent ti» slightly 
less than a gallon) in the tank after it has been filled to its full capacity 
The engine often has a t|uaiitity of oil left in the od jvin after running ami 
this will be piim]>cd into the sti])ply tank inimcdiately upon starting the 
engine. Therefore, tU* fill the supply l.ank so full that the ex]i;uisitin space 
is fdled after (he engine starts. H the tank is filled too full it will be subject 
to pressure l>ccause of oil being fofce<l up the vent pi|H\ The oil is liras y 
and olTcrs consi<lerable resi.staiicc to flow. l.<>calc the filler Ojicnings so 
that the expan.sion space cannot be filled with oil. The vent should be 
located in such a i>osilion that the «>il in lUe lank will iic\rr clc»se it in nor¬ 
mal flight. This vent .shcmld be c<Mincctcd svtih <nic-half inch tubing to 
the vent connection on the engine. The vent coniiecliou is located on the 
cap on up]>er end of tlie vertical driveshaft, or in the jpropeller end of the 
crankcase. 

The suction line from the lank to the jiressure jMimp .should he lapped 
into the lowest p<»int In the lank ^^hcll the airjdanc is level. The discharge 
into the lank shouhl he directed or baffled so that ni» oil can continually pass 
out the vent line since this vent line musl be free to take care of air )>uniped 
into tins lank by the scavenging pumps. The best method is to direct the 
return oil against the top of the tank so that the air and oil can separate. 
The oil pressure gauge sh<mld be c<mnocted to the engine with a one- 
quarter inch nnneale<i cupiier tube, precaution being ma<le to guard against 
harmful effects of vibration. The oil thermometer should be connected into 
the filling provided for it on the right hand side of the engine. 

Cooling the lubricating oil hy air directly is not satisfactory. Cooling 
the oil with water in the engine cooling system has proven very satisfactory, 
and the success or failure of an installation often de]>ends greatly upon the 
proper cooling of the oil. The use of a cartridge tube <nl radiator enclosed 
in a metal water*tight container is recommended. The cooling water from 
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the ratliator should pass through this cooler ami the oil returning to the tank 
should also pass through the cooler. All water and oil outlets from the cooler 
.should be at the topmt>.‘<t points to prevcJit air trapping. Detailed informa¬ 
tion on the proper design of an oi! ctnder for any 1^12 engine installation 
will he furnished on rci|ucst by the Curtiss Aeroplane and Motor Com¬ 
pany, Inc, 

Generator.—The upj>cr end of the vertical driveshaft in the gearcase 
is splineil for an Air Corps type generator. The nut on this vertical 
shaft is pinned to the shaft with a taper pin. This pin should never he 
rcniiivctl while the engnte is in service, .since the mit will l<K»scn if tlie pin 
is not in place. A siieci.d h»cking device f«»r this nut can he procure<l for 
use with the generator. 





Pig. 761.—Wiring Diagram lor Splitdorf Magnetos Used on Some Curtise D12 
Engines. llbte Connections of ''Booster*' or Hand Starter Magneto. 

Operation of the Engine-^Inspection,—.‘^ee I hat the c<»oling system is 
filled with waler and that there are no leaks. The oil tank should contain 
the proper capacity of oil as recoiniuendc<l. The gnsnlmc tank should he 
filled with domestic aviation gsisolinc or the pr(»])tT fuel os stated in the 
specifications of the engine. If the engine has hocn in storage nr idle for 
a considcrahle jierind, about a tablespoonful of cylinder <iil should be in¬ 
jected! into each cylinder and the engine turneil over several limes before 
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starting;, to lubricate the cylinder walls. Turn the shaft over at least twenty 
times. Have the throttle wide open and have no fuel in the carburetor. 

Controls.—Set the spark lever about two-thirds from the retard position, 
for all except hancj startinjj. For hand starting have the spark full retard. 
The mixture control shoubi he full rich, and the throttle closed tightly. 

Starting.—With the controls set as above, crank the engine at least two 
full revolutions, or in ctdd \\eaiher until the engine turns freely, open the 
throttle about one-tenth of its full travel, pull the engine over one cylinder, 
put ignition switch in the *'b(»lh** position ami operate the starling or hand 
magneto instantly. Any delay in n|ierattng the hand cranking magneto 
will allow c<Mii])rcssion to leak and make the starting harder. When the 
engine starts advance the sj>ark immediately, and when using the hand 
starter with geared .starling magneto aUachetJ. coiitiuur turning the crank 
handle until the engine runs steadily. With inertia starters be sure every¬ 
one and everything is clear of the propeller, before the ignition switch is 
put in the “both’* positkm. Trip the starter mechaui.sm. If the starter 
slows down too much before the engine starts jnil the switch in the “OFF'* 
position. 

Gas mixture can only be drawn into the cylinders for starling when the 
throttle is clci>ed as stated above. A feeble, soft exi)h»sion indicale.s a rich 
mixture which should be pum|>cd out of the engine by turning the projiellcr 
backwards with llic switch "OFF” and the throttle wdde o]>en. 

Over priming or too much cranking is the cause of p<H»r starting in most 
cases. Tin* much cranking when the engine is hot will invariably fill the 
cylinders with a mixture too rich for starting. One turn of the pn>peller 
when the engine is hot is sufficient for starting with the IxHister. If an 
inertia or hand starter is used open the Ihrtittle slightly before engaging 
the starter, lie sure the ignition is on. If the engine does imt start the 
first time, clean <*\\t the rich mixture by rotating the ]ir<»peller backwards 
before attempting another start. J)o not attempt to .start with the Ignition 
retarded fully. Start with the ignition partly retarded or advanced fully. 
Continued priming or cranking results in \HH*r compression owing to the 
cylinder walls having been washed by ga.soHnc. Porir c<»nipression from 
this cause can be cured by the injection of h<»t oil in a .small quantity in 
each cylinder through the sjiarkplug hole. Too much priming is liable to 
cause scored pistons or cyliinlers. 

Observations at Start.—The oil pressure should he noted immediately 
to determine w'helher or not the oil pumji is functioning. If there is no oil 
pressure after fifteen sccond.s, stop the engine and find out why there is 
none. Remedy the tnuiblc. ^ 

The outlet water temperature should not exceed 180 degrees Fahrenheit, 
with 160 degrees Fahrenheit, desired oi)erating temperature. The operating 
inlet oil temperature should never exceed 150 degrees Fahrenheit, and 140 
degrees Fahrenheit is de.sircd. At 1.800 r.p.m. the oil pressure should be 
about 100 poumis per square inch, and the gasoline pressure should be from 
two to four pounds per square inch gauge. After the engine is warmed 
up and all parts are functioning properly the throttle should be opened wide 
for about one minute before taxiing to take-off. 
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Oil Pressure Regulation.—Never change the oil pressure until it has 
been checked carefully with the engine warmed up thoroughly. The pres¬ 
sure can be altered by varying the thickness of the washers on the relief 
valve. The oil pressure is set correctly when the engine leaves the factory 
and should require no readjusting. An iinprc^pcrly designed oiling system 
in an airplane, or a broken line will cause variation in the pressure and these 
facts must l)e considered carefully before regulating the pressure. The 
pressure gauge should be checked for accuracy. A dirty oil screen in the 
engine will cause n marked drop in the oil jpressure, usually after alnnit thirty 
hours of engine operation. Therefore, keep all suction lines clean, short, 
large diameter and the oil screen clean. 

CARBDRKTOR SKTTINf; FOR .STROM BKRC. C.MtBURKTnUS 
FOR bow AND HIGH COMPRESSION D12 KNtilNRS 



NA-Y5H 

NAY5F 
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Main inclcrinK jet . 

No 4 /, 
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Mam air hlccil . 

No. 49 

No 49 

l*pp«'r well burr . 

Diwcr well bore, with pulwtNin oHitro) 


a’/' 

nozzle . 

Nn 

No. 29 

Cppcr row well Imlrs. 

^N<i. 50 

4 — No. 50 

l.i>WiT ri»w W'vll ludes. 

ft—No 44 

ft-No. 44 

bile mctfriiiR jei . 

Nn. i>\ 

No. 61 

Idle air bleed . 

Idle divlmrge jet . 
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Hi^charee mizzle lti«le^ . 

Mixture ci>nlnd valve chi^ on . 

fe-Nci. 2fi 
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b'lojit level—lielciw punmit surface 

Fh»al needle jicat . 

5ii” 
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Msfinclo Timing * 

I.OW i.^mipresMoh.—I make MagiHit* Fires Full Advance R.T C. .12* 

KxhausI MajniHn Fires Full Advance HTC. .tft* 
High Ci‘mpfc>NMHi.—I make MnanrUi Firi*< Full Advance H.T(^ 33* 

Fxhuust Maaucin Fires I’ull Advance B.T.C. 58* 


Care of D12 Engine.—A general surface inspection should be made after 
each flight and the engine ]irei>ared for immediate flight. U is not necessary 
to remove sjiarkplugs unless the action in o]>cration indicates that there is 
a defective plug. 

During cold weather the water should immediately be drained from the 
engine if it is to be idle long enough to freeze unless the proper anli-freezc 
solutions are used. 

Check the magneto breaker points, valve clearances, and all outside 
nuts, bolts and connections after each 25 hours of flight service. Change 
the oil in the lubricating system. 

An overhaul is recommended after 200 hours of flight service, (See 
special Chaj>tcr 37 on Curtiss 1)12 Engines.) 

After an overhaul run the engine “in’* slowly, starting at 600 r.p.m. 
Use a mixture of flO per cent gasoline and 20 per cent benzol for fuel for 
low compression and 75 per cent gasoline ami 25 per cent benzol for high 
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compression engines. Always use new oil of a j^radc recommended for use 
in the engine. 

Let the eii^nc i<lie iinli? the oil and water are warm and then increase 
the speed by steps of 1(K) r.p.ni. every fifteen minutes. For a test propeller 
that allows the undine to run 2.300 r.]>.m . with the throttle wide open thi.s 
procetlure should he followed up to and iiicludiiij; 1,700 r.p.ni. Then open 
the thn^ltlc ti» a point where the t>r<»pcllcr is turning at 9.S jjcr cent of its 
ratctl spee<l. Run the engine at this speed for at least onc-half an hour and 
jireferahly one himr before fully opening the throttle. Run at full throttle 
for only a few inimiles and then throttle the engine down slruvly and let it 



Fig. 762.'—Spark and Throttle Hook Up of Packard X Engine Provides for SimiU* 

taneous Control of Ignition and Carburetion. 

idle for ab(pul ten niinutes, Shut (*fF the fuel supjdy and let the engine 
slop of its own acct*rd. This :i]>))roximates the ‘'running in** pn»ecdure car¬ 
ried out at the factory. I»e alert at all times for indications of trouble. 
Shut the engine <lown (piickly at any indication of trouble and investigate. 

For propellers that <io not allow the engine to run at its rated sj«c<l start 
running at 600 r.p.ni., and increase by incremcnls of 100 r.p.in. every fifteen 
minutes until tlic propeller is turning at about 75 per cent of what it is sup* 
posed to turn with the throttle wide open. Then increase the throttle open* 
ing until the speed is 95 per cent of the speed the propeller is supposed to 
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run. Run at this position one*haH to one hour before fully opening the 
throttle. After a few minutes at full throttle slow the engine down care¬ 
fully and let it idle for a time, then shut ofT the fuel supply and allow the 
engine to stop of its own accord. Shut the ignition switch **OFF*' alter 
the engine .stops. 

Cleaning of Oil Screens.—The oil screen under the plate marked *"OIL 
IN” should he reuKJved every 25 hours of engine ot»cration and thoroughly 
cleaned. The oil screens for the scavenging system should he cleaue<l and 
ins])ecled every time the oil pan or oil pump asseinhlies arc rciiuived. 

Storage.—If the engiue is to he sl*>red. or is to he shi]»jH'd a hmg <li.s- 
tance all cxtcrrjal steel parts .should he sjiraveil with (.\ircil compound light 
gra<lc or similar anli-ntsl C(»m|>tmnd. 'I'lie oil pan shiUild he rrm<we<l if 
(lossihle ami all ndernal parts coated (jireftTahly In spraying) with the 
ctunpoumh Hc-u.^seinhle the oil ])an ami lock up all screws ami nuts that 
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Pig. 763.—Consolidated Instrument Company of America Fuel Filter at Left and 
Engine Control Lever Aaaembly at Right of lUuatration. 


shouM he. Remove the exhaust sparkjdngs and .stirny conijHiiiml in the 
cylinders Replace the sparkplugs, lie sure the pr<»]>cner shall (and its 
threads) h.ns a heavy mating id cotujiouiid or grease. If anti-rust coin- 
j>ound is not aval laid e put abmil a leaspo<»ufiil <if cylinder oil in each cyl¬ 
inder and turn the crankshaft 25 or 30 limes to .spread the oil iivcr the 
cylinder walls. 

Details of Engine Control.—The diagram of the spark and throttle 
hook-up shown iii Fig. 7(>2 represents a sjiecial Packard develojimcnt in¬ 
tended to simplify the diitiC-n <»f a racing pdnl. hut the roMdt has heeu so 
satisfactory that it is worthy o\ more general a<lopli«m in commercial air¬ 
planes as far as the jutercoiinectum of spark and ihroltle is concerned. 

Regarding the fnnciion ami uses of each of the three engine-controls 
commonly used with an aircraft engine, the .spark-advance control normally 
is used for starting ami for especially slow idling. At all (»ther times the 
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spark control is left in the fully a<lvancc<l position. The throttle control is 
used to vary the speed of the engine, and the mixture control normally is 
required only for leaning the mixture at altitude. 

In a racing airplane which flics low there is no need for mixture control, 
and this leaves only the spark and the throttle controls to l>c dealt with. 
One advantage of battery ignition, with which the Packard X-type engine 
is equipped^ is that a con.sidcrahlc range of spark advance and spark re¬ 
tardation can he securc<I, which is not true of magneto ignition. This range 
j)roves to he of ]>ariicular value in idling the engine down to very low stieed 
while still maintaining .sufficient velocity through the carburetters to elimi¬ 
nate the pc>ssi)>ility of choking the engine. This very slow' idling i.s highly 
tiesiruhle when landing. 'J'he leverage arrangement is simple for moving tiu* 
controls simultancimsly in accordance w'ith .some such curve as ts .shown 



fp i\iCe *“ * 


Pic* 764.^Midship Seetion of Fuaelage of Vought ''Corsair" Airplane Shoviring Oil 
Tank Inaulladon and Location of Engine Control Levers Relative to Pilot’s Seat. 

in the left middle portion of Fig, 7(>2. It will be observed that, for starting, 
the thn»ttle5 are closed and the spark fully retarded. Chicc the engine is 
started, it is desirable to advance the spark somewhat before opening the 
throttles to prevent the engine fr<nn “spitting back.*’ Further acceleration 
of the engine up to cruising sj>ce<ls is obtained by operating both the spark 
and the throttle controls simultaneously .so that, at cruising speed, the spark 
is fully advanced although the throttle is only partly open. From cruising 
speed to top speed, the engine speed is controlled solely by the carburetor 
throttles. 

The method by which this desirable control is efTcctcd is clearly shown 
in the diagram. No cams or springs are employed in the hook*up, the result 
being achieved merely by locating the various levers on their shafts in the 
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best location to suit the requirements. For example, the throttle connect¬ 
ing rod practically passes over center when first opened, and a similar tog¬ 
gle action is secured with the spark«control rod as soon as the spark is fully 
advanced. This results in obtaining atitomatically the best response of the 
engine as the need arises, with only one engine-control lever for the pilot 
to manipulate. 

In commercial airplanes, and in the usual military ty|>es. sc]>arate con¬ 
trol of the spark, throttle and misture is neces.sary sti the assembly shown 
at the right of Fig. 76.1 Iniill by the Cons(»lidatcd Tnstrunienl Company of 
America. Inc., is a .standard installation on most airplanes, 'rho illustration 
at Fig. 764 shows the mid-section of a V^rnghl Corsair airplane an<l shows 
the location of the engine Ci»nlrol a.^semldy very clearly. Connections are 
made from sptirk ami throttle ami Tiiixturc control levers to the elements 
on the engine auxiliaries by push and pull nxls of light tubing. The instru¬ 
ment hoard carried above the fuselage and immediately in front of the 
pilot*s seat serves as a mounting for the various engine recording instru¬ 
ments. The band wheel conveniently placed near the pilot's scat is used 
to vary the angle of mchlcnce of the tail stabili^^er. The oil tank is ]>laced 
hack of the bulkhead between the pllot'.s comttartment and the motor. 
Various details of the airjdane v<Mitrol. >ucb as the stick and the rudder 
operating pedals as well as the steel fuselage construction can also be 
.studied from thi.s illustration. While every elT<*ri is made to have Important 
engine ctmtrids as direct and i»ositivc as possible, sometimes the engine 
location is such that llexifile wire is necessary. Where control direction 
must he changed arouinl a ct^rner the use of Ahrens controls is much more 
practical than using bell cranks because there is no lost motion in this type 
of fitting. 

QUK.STI(INS lOK REVIKW 

1. Wbat it the value of inverted engines? 

2. What IS the iisuiil fi»rni of watir'ccoleil engine mounting? 

3. What niHleriab arc um*<I for engine mounts? 

4. Why is a cantilever tubing mottinhig used? 

5. Wh:it IS the elTcct of radutor placing on resistance^ 

(i Out tine some precautions in inxtalimg waler-ccHilnm systems. 

7. Name common methiMls of radiator ieni|>er3lurc control. 

H. (live principal rules for engine tmumting. 

0. How big must a liilincalmg od |«ink be? 

IQ. Name u^ual fuel tauk localioui. 
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Installing Air-Cooled Enginea^Noae Motor Instalbtion Easy—Outboard or Wing 
Motor Installation—Requirements of Engine Mount—Disposition of Exhaust Im¬ 
portant-Cowling for Weather Extremes a Problem—DiHicultieB Presented by 
Exhaust Manifolds—Carburetor Stove for Zero Temperature—Installing Fairchild- 
Camine/ Engines—Mounting the Engine—Lubrication System—Magneto Wiring 
—Spark Control Lever—Tachometer Drive Connection—Engine Starter—Pro¬ 
peller—Installation of Wright Whirlwind Engine in the Airplane—Unpacking and 
Cleaning—Lubrication System—Cowling—Fuel System—Magneto Wiring—Car¬ 
buretors for Whirlwind—Starter—Mounting the Propeller—Instructions for Start¬ 
ing and Normal Operation. Wright Whirlwind—Starting—Ground Test—Flight— 
Landing—Fuels—Oil—Unpacking and Cleaning Wright Cyclone Engines—Fuel 
and Oil Lines—Cyclone Lubrication System—Fuel System of Cyclone Engine— 
Carburetor Air Heater—Magneto Wiring—Miscellaneous Connections. 


Installing Air*Cooled Engines.- Tlir in**lnIl:itioii and couliitg of tlic nir- 
Co(i]<‘d radial eu^tiic is an iTii|»>rtai)l fcatnn* aii<l lia^ a tlireot hearing mi 
llu* saldory tii'eration of the |Mj\ter|ilaii( eoTi>ulereil a*' a whole. No 
general rule*^ covering all conditimis can he laid down. ahlit>iigh exjierienoe 
has inoven certam general iirinei|)lcs a< SAli'*(aclorv. The indal fuselage 
stnieUire isnmv almost iiniverMilK n>e<l in nPHleni inililar\ and emnmercuil 

« 4 

aircraft. In the same way. the nietallir engine inoiinl considcre'i Ihe hesl 
pradice and gnees an alnio>t nleal strndnre for llie radial alr-cordofl engine, 
since ainjde aeee>'*ihility \s i»htained for aece^>c*ry adiu^fmenis hehim! the 
engine, and snilnhle hi^ariug siip|Hirts are axailahle f<»r Ihc oil lank, hlarler- 
handle. gasoline strainer and other aeeeNsories. 

Kither a flanged jdalc. or a circidar hent tnhr engine inomiling ring is 
good [iractice, In case the latter n>ed, the etiglne Iitdl.s can he he hi hy 
suitahle clijis \\el<led to ihc ring, or hv rnninng them directly thr<iugh the 
ring tuhing, after properly supporting the tnhc .section hy a short wehlerl-iii 
tllhc whose inner tlianider is slightly larger than the engine holt. This 
short tnhe prevents crushing the ring section. The engine iiKiUiit of the 
\'ought Corsair airjilane shown at Tig. 7h5 is typical of good iiractice. It 
is made to snp)Kirl the Pnilt & Whiinet \V;Lsp engmie and its insiallation to ilie 
front r»f the fiiMdage shown at Fig. 7f4 is clearly nntlmed in Fig 766. 

Kilher tuhing' cff fonuetl sheet hraeing to the mounting ring is perinis- 
sihle. Ill either case the mounting ring braces from llie longerons shnuhl 
he so placed as to form a series of triangles, one in each plane of the 
fuselage. If the Inhmg mount is used, the brace tubes in each of the four 
fu.selngc planes slnmhl lucel at a jxiint on the mounting ring. In case inter¬ 
ference with the carhuret«»r is encountered hi the hoi tom fn.^elagc plane, 
it is permissible to spread the brace tuhe.s in that jdanc a distance of several 
inches. Cowling is desirable on all engines e.sccjit those in use in tropical 
climates. Not only doc.s it improve the airplane performance by better 
streamline, hut it protects the engine crankcase from ovcr-cooling, which 
tends to congeal the oil. It is im]mssihlc to set forth any rigid rules for 
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cowling M engine $mce the individual requirements of various airplane 
designs are different. In general, it is desirable to allow for a blast of air 
on the cylinder barrels as well as on the cylinder head, but since there are 
several different ways of making such an installation, engine builders 
strongly advise designers to draw up their own ideas of cowling and cowl 
lines and submit them to their Plane Engineering Department for com¬ 
ments and suggestions. 



Alloy stMl 
ef^fino ffloufltinf 
/ring 


Ring . 

supports 


Alloy itMl tiAhv 
ring support 


TMsfltlfuMlSgO 




Fig. 765.^This Simple and Light Bogine Mount ia Strong Enough to Support the 
"Waap** Engine Used on Vought **Coraair"* AirpUnet. It la Made of Alloy Steel 
Tubes Welded to an AUoy Steel Flanged Ring as Shown. 


Nosa Motor Installation Easy.—The Pratt ^ Whitney Wasp engine 
construction lends Itself readily to assembly on a simple frame because the 
engine may be divulcd into units which greatly facilitate installation and 
assembly or disassembly after installation. The rear sections, of which 
there arc two, the blower and rear, form an assembly by themselves. This 
makes it passible to divide the engine into two units for assembly as well 
as service work, the ptnver end consisting of the main case and nose, the 
shaft, rod, pistons, cylinders and valve gear, and the accessory end, includ* 
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ing the mouitting^ supercharger and gearing, and atl accessories and their 
drives. Should occasion arise, the "power end" can be removed from an 
aiqdane and another substituted without disturbing the "accessory end." 
This is possildc because the engine is supj>orted on the blower section, and 
the suppf»rt is arranged as nearly on the center of gravity of the engine, and 
as far removed from the crankshaft a.s possible. The weight of a simple 
engine mount, such as shown at Figs. 765 and 766, made up of alloy tubing 



Fig. 766.—Installation of '*Wasp" Radial Air-Cooled Engine in Vought "Corsair** 
Plane is Easily Accomplished by Using the Fuselage Front End Construction Shown 
Above. Note Simple Attachment of Engine Mount to Front Bulkhead or Fire Wall 

of Fuselage. 

is very small, yet it is extremely strong. !t is designed for quick attachment 
to the fuselage. Uixir bolls being used, one at the apex of each triangtilar 
leg. These arc secured to httings projecting through the fuselage bulkhead 
as shown at Fig. 766. 

Outboard or Wing Motor Installation.^When radial cylinder air- 
cooled engines arc carried outboard. mstca<l of being attached to the fuse¬ 
lage nose, as in the twiMuolor Sikorsky S38 amphibian shown at Fig. 767 
or in the Ford and Fokker triiuotur, a more elaborate construction is neccs- 




AIU-C(K)1.KD MOTOR MOUNTIKC* 


1619 

sary as shown at Fig. 768. which shows an outboard mounting of a Wasp 
motor in a Fokker monoplane. It will he evKfent that a separate frame¬ 
work. built up of steel tubing is necessary to carry the motor. This corre¬ 
sponds in general construction to a very short fuselage .ind usually carries 
the oil tank in the strcamlincfl tail. J'urt of the cow I lug is removed to 
show how the various engine accessories may be reached. The oil tank 
location and nacelle or engine framework sujiporting braces are clearly 
shown. These are streamline section tubes extending from the front main 
wing spar to the front of the engine supporting frame «ind from the rear 
main wing spar to the midship section of the nacelle frame. The reader's 
attention is also directccl to the methn<l of connecting the exhaust outlets 
of the cylin<lers to the exhau.st ring and the long exhaust outlet stack at 
the .si<1e of the nacelle which provides silencing action with minimum hack 
prcs.su re. 



Fig. 767.'~Method of Installing Pratt A Whitney “Wiip" Motors on Sikorsky S38 

Amphibian in Special Motor Nacelles Between Wings. 


Requirements of Engine Mount.—Captain Robert W. A. Brewer, a 
member of the S. A. E. and an aeronautical engineer of note with much 
ex|>erience on powcrplant design and installation, recently puhlisbed some 
observations on radial air-c<Kded engine installations in Agnation that should 
he of interest to the reader. He wrote, in part, as follows: 

“In arranging the installation of an air-cooled engine, proper means 
must be provided for getting rid of hot air readily. 

As the type of engine under discussion has so much in its favor with 
regard to cost of production, ease of overhaul, accessibility, clc.. none of 
the.se advantages should he minimized by fitting an unsuitable mount and 
every consideration should he given to this aspect of the subject, There 
is. at present, no standardi7e<l method of mounting. Similar airplanes use 
different mounts and because the |>o.ssihle adaptations are so wide, we 
cannot, at this period, set up a standard, and must he content with certain 
points for guidance, 

The engine maker requires that:— 

(1) The mount .should he light and .strong enough to support the engine 
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without suiTering from serious deflection under working conditions. 
It should l)e property braced in att bays. 

(2) It must he rigid in itself tu withstand the torque variations in the 
engine and any periodic vibrations in the mounting must not syn- 
chroiiize with any that the engine may have throughout its working 
range of speed. 

(3) The mounting must not set up stresses in the crankcase or in the 
ends of the fuselage. If attached by pins to the fuselage/the pins 
should have very ample bearing surfaces and preferably l>e taj)ered 
an<i ground. 



Pl(. rea.^Method of Mounting Motor and Supporting PowerpUnt Nacelle Under 
Wing of Fokker Trimotor Monoplane. Note Uae of Tubing and Method of Stream* 
lining by Sheet Metal Cowling. XUuatration Also Shows Method of Sxhauit Gas 

Manifolding. 

(4) A spigot mounting plate, if used, should he true and a good flt. 

(5) There should be no interference with the accessibility of those parts 
or details which are likely to require attention periodically. The 
complete removal as a whole, of the engine and mounting or engine 
only, should be readily possible. This should only necessitate the 
disconnection of a few oil, gasoline lines, and the tachometer drive.” 

The Wright “Whirlwind” motor and motor mount shown at Fig. in¬ 
dicates how this assembly may be removed from the fuselage of a Travel 
Air plane and all minor connections and instrument Iward come off with 
the motor and mounting ring. This is the form where a tubular section 
ring is welded to triangular leg mcml>ers. the ring diameter l>eing equal 
to the engine supporting bolt circle. Attention is also directed to the ex- 
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haust rin^ U9ed in this installation and accessibility of the rear of the 
en^ne. In some arrangements the mounting ring is removable with the 
engine as shown at Fig. 769, while in others the ring forms part of the 
structure and the engine is removable from it. The swinging form of 



Fif. 769.—Wright ^^Whirlwmd** Motor and Motor Mount of Travel Air PU&e Show- 
ing Use of Tubing for Engine Mounting Ring. Note Exhaust Manifolding and 
Inatruroent Board Mounting. Illustration atao Shows Method of Slinging Engine 

and Mount Unit for Transporting to Fuselage. 

front mount is sometimes employed and. although it has nut come gen* 
erally in favor, it shows possibilities. The methixl <if mounting a radial 
engine outboard is sh<»wn at Fig. 768 which also shows cowling and 
streamlining. 

When a radial engine is used as a replacement on a plane designed 
originally for a straight-line engine, the re<|uired center of gravity position 
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of the plane automatically calls for a considerable space between the rear 
of the eni;ine and the fire bulkhead. We are thus led to the question of 
a suitable cowlinf?. Generally, with radials as desijpied at this time, the 
forward i^art of the cowling can be a more or less ijermancnt structure, 
as the position of the major accessories is usually at the rear. Many radials 
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Fig. 769A.*^Viewa Showing the Isotta Praschini ASSO 450 CA Engine. This Air- 
Cooled Twelve-Cylinder Vee Type Deliver! its Majdmum Power at 2.250 R.P.M. and ie 

Designed for Installation in Fighting Planes. 


are designed so that the front cover plalc gives a good entrant form and 
scarcely retjuircs a fairing. When this is so, oil-coolitig by the slipstream 
can be taken advantage <if. The rear part of the cowling must have easily 
removable panels between the engine nnmnling proi’er and the hre bulk¬ 
heads These should have ]iroper stiffnes.s and be so designed that local 
stresses arc not set vt\) as such would cause fracture due tu vibration. The 
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Curtiss Challenger engine mounting shown at Fig. 770 shows mcxlern 
cowling practice. Generally, this part of the cowling must, in the first in¬ 
stance. he made <mi the joh. The design of proper catches or fasteners 
leaves much scope for the designer. They shonhl he readily dctachalde and 
preferably he some form of .safety catch which will stay in place and which 
can he sunk into suitable depre.ssions in the plates. As to the extent of the 
cowling and the amount hy which it should cover the cooling fins on the 
engine, much depends u|>on the kind of general service which the plane 
will have to fill. Where much ground work and taxiing has to be done. 
M r. Itrcwcr lielicves that the maximum air accessibility is desirable and the engine 



Fig. 770.—Method of InitaUiog and Cowling the Cortiia *'ChtJ)enger** Air-Cooled 

Motor in Curtise-Robin Cat^ Monoplane. 

may l)e entirely without cowling. Soi!»e engines are too much C(«iled, .so tltat al¬ 
ii msl amiplete cowling has l>een restirtwl to. There is an inlcmicdiatc. and very 
successful system where helmet cowls are provider! for the iiMli%iduKl cylhulers. 
They have small front vigors and projwr outlets at the rear. It is quite 
feasible to carry out some scheme such as this not only for individual cyl¬ 
inders hut for the engine as a %vhole. 

Disposition of Exhaust Important.—C'omhined with the matter of cowl¬ 
ing, the hatidling of the exhaust is very iiinw»rianl- There are two main 
considerations here,—nuisance from the noise and prevention of fire. It is 
apparently a moot point whether the provision of an exhaust ring manifold 
does or does not diminish fire risk. However, in Captain Hrewer\s opinion, 
much depends upon how the stack pipe.s leave the engine. C ertainly the 
further they are from the carburetor inlet the better, as flame from the ex¬ 
haust is very readily drawn into the carburetor inlet if it conics at all near 
to It. 
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Short stack pipes must be a nuisance to the pilot, particularly in the 
dusk, and nxxlern progress calls for some form of silencing the noise espe¬ 
cially on jdaiics iuteii<le<l for passenger transjxjrt. Probably the best place 
for a ring inanibdd is iii front of the engine and as near to the center as 
conditions will permit. The design of a suitable system has been full of 
difficulty and Mr, Roy Feddeti, designer of the Hrlstol Jupiter engine, 
tabulates some factors tu l>e considered in this connection. 

(1) Light weight and the lowest drag po.ssible. 

(2) 'i'he system must be of sufficient volume not to cause back pressure 
and damage tu the valves. 



Tig. 77l^UotDr InstaJlation to Front End of Pokker PuseU^e Showing Motor 
Cowling and Exhaust Collector Ring. Note Three Blade Standard Steel Propeller. 

(3) There must he no sharp bends and the gases must not play directly 
upon any part of the expansion chamber. 

(4) The pipes from the individual cylinders leading to the main cham¬ 
ber must be provided with flexible joints to allow for expansion of 
the cylinder heads. 

(5) Welding to be used as little as possible and if necessary, riveting 
should be used as well. 

(6) The system, as a whole, must be sufficiently rigid to withstand any 
serious distortion and robust enough for long service. 

(7) The design must be such that it can be produced economically by 
press tools and jigs. 

(8) The material must be such that it will resist corrosion. 
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The general conclusinns seem to point to the fact that the exhaust outlet 
from the engine should be at the side of the cylinder, as from this location 
the stub pipes can he led forward or back. Proper air cooling of the valve 
seats can be had. which is more diflicnlt where the pipe.s lead out directly 
forward from the cylinder block. Outlets from the exhaust ring can con¬ 
veniently be two in number,—^nc on either side near the bottom. By this 
arrangement the gas can be led away from the carburetor and follow the 
lines of the fuselage. An interesting study of a practical method of leading 
away the exhaust gas is that used in the Fokker outboard motor mounting 
shown at Fig. Here we find a combination manifold consisting of cast 
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Fig. 772.—Nose Cowling When PropeUer Spinner is Employed for Wright *'Cyclone** 

Engine. 

elbows at the cylinder hea<ls with cast junction fittings, these being joined 
together with flexible exhaust tubing, the assembly terminating into a long 
exhaust discharge pipe carried at the side of the nacelle. Not only are the 
exhaust gases cfTectively disposed of and fire risk greatly reduced but a 
pronounced silencing effect is obtained with miuinmm hack pressure. 

The disposition of the exhaust gase.s in the Challengcr-Robln installation 
is shown at Fig. 770. hut in this, the exhaust ring is carried inside the cowb 
ing. which some authorities, especially the U. S. Air Service engineers* do 
not agree with. The exhaust pipes, of which there are two, are siamesed into 
a muffler appliance carried beneath the cabin. Slip joints are provided be- 
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tween the cylinder exhausit outlet |)ortH and the manifold pipes, each of 
which serves three cylinders. Housing in the exhaust ring reduces the 
parasitic resistance and if the heat can be effectively disposed of. which 
may be possible by using a large cross sectional area and having the manb 
fold receive some of the air l>last thruuj;h the shuttered Ojicnini's at the front of 
the cowltog, the neater arrangement nwy have much in its favor. The mounting 
of the nose motor on the Fokker trimolor is shown at Fig. 771. This also shows 
the method of disposing of the exhaust gas by flexible metnllic hose connec¬ 
tions interposed between the cylinder outlets and the exhaust ring. The 
general construction U clearly shown in the illustration. 
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Pif. 773.—Note Cowling for Uie Without Spinner Recommended for “Cyclone** 

Engine. 

Two methods of cowling have been recommended by the Wright Aero¬ 
nautical Corporation for the Cyclone engine. Thai shown at Fig. 772 is 
the type where a propeller spinner is used. Adjustable hooded orifice 
louvers arc jdaced just back of the spinner, facing the air stream. Outlet 
louvers, facing the pilot, arc placed in the cowling l>etwecn the fire wall or 
bulkhead and the engine to permit exhaust of heated air. The alternative 
means of ventilating the motor section immediately back of the air screw 
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by nose cowling when no spinner is used is shown at Fig. 773. Details arc 
clearly shown on the drawings. 

Cowling for Weather Extremes a Problem.—A big problem that pre¬ 
sented itself for solution ht designing tho Jtneing mail plane as stated by 
Charles N. Monieith, Chief Engineer of the Hoeing Airplane Company, 
Seattle. Wash., was that of cowling for the air-c<Kdctl engine: a cowling 
which would streamline the ragged otillme engine as much as possible and 
at the same time interfere as little as possible with pro]>er cooling. A study 



Pig. 773A.—Cowling Developed by Netienal Advisory Committee for Aeroniutice 
Applied to CurtiM ATS Plane with **Whirlwind*’ Engine Provides Good Cooling 

with Greatly Reduced Drag. * 

of Euro]>ean airplanes, in which the air-ci»olcd engine has been used for 
some time, gave little help, because the range of cowling designs varied 
from the one extreme, such as enclosing the engine completely and placing 
the “crusader'* hotids over the cylinder he.vls. to the other extreme of leav¬ 
ing the engine completely exposed and carrying the cowling down to the 
mounting plate behind the engine. For the Hoeing mail plane, it was de¬ 
cided to adopt the type of cowling used on the Navy X-F3R, a single-seater 
fighter built by the Boeing Company. It was felt that, as the first few 
months of operation would he in hot weather, this type of cowling would 
serve and give time to develop a different type for use in winter. It was 
found, however, that even the cowling installed was too complete for opera¬ 
tion in the hot season, in particular between Cheyenne and Chicago, and 
it was necessary to remove the circular nose-piece and. in some cases, the 
pieces between the cylinders. The use of a very heavy oil in the engine 
was also found necessary. A set of ex|)enmental cowling which w as carried 
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ing to Portnit Entrance of Cooling Air Blaet Around Cylinders. 
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to the engine mounting ring, thus leaving the engine entirely exposed, was 
found to be no better for cooling than the original set without the nose- 
piece, and to give a decrease in speed as well. 

The cowling illustrated in Fig. 774 has been developed for cold-weather 
Dying, and preliminary tests indicate that the oil temperature can be raised 
at least ten degrees by closing the shutters. It is possible also to keep the 
oil at a fairly constant temperature for long periods with the engine throt¬ 
tled. The nose plate is rigid, and a second plate mounted inside of it can 
be moved by a small control operated from the pilot's cockpit. The nine 
louvers, one in front <i( each cylinder and of as large a size as the installa¬ 
tion will permit, can be cbised or opened as becomes necessary. It is hoped 



Fig. 774.—Cowling with Adjustable Louvers for Cold Weather. 

that this cowling, coinl)iiicd with the air-iiitake heater, will solve the prob¬ 
lem of operation in cold weather, but. until tests under actual service con¬ 
ditions are obtained, no definite conclusions can be drawn as to the value 
of the device. It was found by actual runs over a si>ecd course that this 
cowl decreased the speed of the airplane approximately 1.3 mites per hour. 

Complete Enclosure Most Efficient,—Develoi)ment of a new form of 
cowling for radial air-cooled engines which is said to add more than 30 
per cent to the effective horscjwwer of airplanes in flight w'as announced 
recently by the National Advisory Committee for Aeronautics. This 
accomplishment is regarded by Dr. Joseph S. Ames, Provost of Johns Hop¬ 
kins University ami Clialrinan of the committee, together with other mem- 
l)ers, including the experts representing the army and navy, as the mo.st 
valuable single contribution to airplane efficiency since the war. Costing 
only about ^5 if installed as standard equipment on a plane at the factory, 
its total cash value to the industry and the public is described by those 
familiar with the problems of aviation as incalculable. Figured in terms of 
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horsejK>wer required to produce the increased speed it allows, they estimate 
that it represents a minimum of $1,500 a plane. By making it possible, in 
the case of a 200 horsejiower engine capable of driving a plane at a rate 
of 125 miles an hour, the attainment of the same speed at 166 horsepower, 
it means a saving of three gallons of gas for each hour of flight, they assert. 

The new cowling device, which resembles a large bowl with the bottom 
knocked out to make room for the propeller shaft, is placed over the engine. 
It is the flrst result of a cowling and cooling inve.stigation undertaken by 
the scientific staff <»f the committee's laboratory at Langley Field, Va., soon 
after the completion there early this year of the $150,000 propeller research 
tunnel. In effect, it covers the ciilirc engine, but lets in stiflicient air at the 
front to cool the cylinders. This air fl<»w is controlled in such a manner 
that it issues from the rear of the cowling in a smooth stream around the 
fuselage. The tics ice thus cuts down tho air rc.sistance. or tlrag, of the 
machine in flight while assuring ]>ro]>er functioning of the engine. 



Fig. 775.«EzperiinenuJ Eahautt Manifold Unit with Air Scoop to Reduce Back 
Preature by Cooling Hot Caa. Thia Arrangement is Said to Reduce Flare Appre¬ 
ciably in Night Flying. 

The design Anally worked out was found to rcfince the dragging cfTccl 
of the engine to 75 |>outids at 100 niile.s an hour, with or without a propeller 
spinner, as compared with 125 ]M)und.s with the engine uncovered. Kstab* 
lishment of the ineffectiveness of a spinner was regarded as facilitating 
greatly the usefulness of the device by eliminating a comjdicating element 
in the repairing of engines. By making the cowding in several pieces, it was 
explained, it could be readily rcniove<l for such work. Flight tests were 
made with a Curtiss army pursuit training plane equipped with a 200 horse* 
|HAver Wright '‘Whirlwimr’ engine. As heretofore nseil, with the t 7 linders 
jutting out around the nose of the fuselage just lichind the propeller, the 
maximum .speed of this machine was found to he 118 miles an hour at 1,900 
revolutions a minute. J<e]K>rting on the tests after the plane was equipped 
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with the new cowling, Thomas Carroll, the committees chief test pilot, 
Heclared it had attained a speed of J37 miles an hour at 1,900 revolutions. 

DifBcuhiea Presented by Exhaust Manifold.—ln the Vcc-tyiie engine, 
w'ith the exhaust pi»rts all in a line, manifolding is relatively easy. With 
the radial air-c<K>lcd engine, the ports arc in a circle almost as large as 
the outside diameter of the engine, and any collector ring placed there 
lies broadside to the air stream, with the consequent additumal re.sistance. 
On the military airplanes using this engine, a small individual stack is fitletl 
on each cylinder. On the transinirt airplane, however, they will not serve 
in the opinion uf Mr. Monicith. because the exiintist manifold must 

(1) i'.liminate the flash uf the exhaust, which, if present, makes night 
flying in misty weather a Uaxardous undertaking hy lilimling the 
pilot. 



Pia* 776.—Motor Mounting of Ford Trimotor Monoplane Showing How Note Motor 

Exhauttt Under Cabin and Outboard Motors Exhaust Over Top of Wing. 

(2) Muffle the engine to whatever extent is j>ossiblc. 1‘his is essential 
fur the coiufrtrt of the passengers, and it lessens the strain on the 
pilot. 

(3) He jacketed hy a stove in cold weather, to provide heat for the pas¬ 
senger cabin, the pilot’s cockpit and for the carburetor air. 

(4) Conduct all exhaust gases away from the passenger cabin and the 
pilot's cockpit. 

European air-transport practice is almost universal in the adoption of 
the collector ring terminating in a single or double long pipe under the 
fuselage. In the case of the Boeing mail plane, one disadvantage of such 
an arrangement is the location of a gasoline tank in the body. A certain 
amount of the fuel is almost always spilled when the tanks are filled, and 
the possibility of this falling on the manifold creates a rather definite fire 
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haz^d. This is minimized, however, by placin^r the manifold under the 
fuselage on the side opposite to that on which the filling is done. The 
mclh<Kl nf (lispcisiii|> of the exhaust gases nn the lM»rd lrlinc)tnr is shown 
at Fig. 776. 'I’he oiitlniard engines exhaust over the top of the wing, the 
nose motor exhausts iukIct the calun. 

The collei*li»r ring tii«uufol<I has several <lis?uivaufagcs: 

(1) It is known to he a tlofinile fire hazard in the event of a crash where 
gasoline can he spilled nn the engine. The manifold can, however, 
be cooled to some extent by placing a scoop on it. thus forcing a 
stream of cold air into the exhaust gases. This also assists to some 
extent in eliminating the flash. Fig. 775 shows an experimental 
manifold unit with .such a sc<K)p incorporated. 

(2) It adds considerable weight lo the airplane. 

(3) It increases the resistance of the airplane because it cannot be placed 
inside the cowling and should not be laid flat on the outside of the 
cowling. A stream of air should flow around it to keep tt as cool 
as possible. Tests show that the manifold causes a loss in speed 
of approximately three m.p.h. as compared with the speed 
of the plane when the engine is effitipped with short individual 
stacks. 

The manifold having two dow nwardly extending pipes is used at present 
on the Boeing mail jilanes. It is not satisfactory because it does not prevent 
flashing at night. It muffles the engine to some extent, however, and <loes 
keep exhaust gases out of the passenger cabin. The diameter of the col* 
Icetor-ring is 3j4 inches, and it was feared at first that it would cau.se too 
much back pressure; but by actual test, this was found to be 0.4 inch of 
mercury at full throttle, which pressure occurred at the uiiper end of the 
ring. The Pratt & Whitney engineers stated that one inch of mercury was 
the maximum allow'able back pres.stire. Cabin heating i.s accomplished by 
stoves placed around the short .stacks at the bottom. 

Carburetor Stove for Zero Temperature.—Mr. Mnntieth stated they had 
for winter operation, only the experience gained from the Navy fighters 
using this same engine. It was known that, for ojicration at air tempera* 
tures around zero degrees Fahrenheit, it wtuild be necessary to supjjly heated 
air to the carburetor. To do lliis, the exhaust pii>e from the No. (> cylinder 
was jacketed with ,i stove, the heated air from this being le<l to the car- 
buretor*inlake scoop. A valve, controllable from the cfickpit, enabled the 
pilot to regulate the mixture of cold and warm air supplied to the carbure* 
tor. While the heater is the best that has been built lo date for this engine, 
it is far from satisfactory, and the Pratt & Whitney engineers, as well as 
the Boeing organization, are working on the problem. One objectionable 
feature in this arrangement of the heater is that the exhaust from one cyl¬ 
inder. being independent of the collector ring, makes sufficient noise to be 
decidedly unpleasant for passengers riding in the calun and, for the comfort 
of passengers, this must l>e dimiiuitcd. In Navy tests with the supercharged 
Wasp, it was found that no carburetor heater was necessary, even at the 
extremely U»w temperatures encountered at an altitude of 26,000 feet. This 
is an additional advantage for this supercharged engine, but it also indicates 
that the engine might give trouble at the ground in hot weather. 
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Installing Fairchild-Caminez Engines 

Unpacking and Cleaning.—Dimen^^intis o{ the packing box in which 
Fairchilcl-C'aminez engines are shii'pecl are as follows: 


llefKhl. 

WMtli .52^" 

UtiRO* .54" 

DkM»laccTnoiit .76J4 Cu. Ft, 

ShippiriK Wciaht. romplctr.775 tb*. 


Proceed as follows when unpacking: 

1. Hreak seal under metal protecting plates at bottom of box. 

2. J^emove luits or holts under handles and lift cover bv handles. 

3. Remove oil cloth c<ivcr from engine. 

4. Remove sparkplugs or dummy plugs from cylinders and rotate engine 
by shaft until all excess Inhricatiug oil has draine<l from cylinders. 



Pig. 777.~Thermoid Engine Mount Amnibly for Fairchild*Camines Engine. 

5. Pnt in .sparkplugs. Wash them well in gasoline before screwing them 
in. Connect ignition wires to plugs. 

6. Wash engine complete with gasoline sf>ray. 

7. Remove lag screws from mounting plate and niise engine and plate by 
eyebolt in top of cam case. 

8- Take ofT mounting plate. 

9. Clean off back of engine with gasoline spray. 

10. Remove covers from mouth of carburetor and exhaust ports. 

11. Remove plugs from lubricating oil inlet and outlet nipples and from 
gasoline connection to carburetor. 

Mounting the Engine.—After thoroughly denning the engine, bolt the 
mounting ring to the engine flange with eight f4-inch bolts. The inner 
plain ring should bear directly on the engine ba.se. Do not screw down 














MODERN AVIATION ENGINES 


too tightly on the nuts. The nonnal |>ull on an open end wrench is suf¬ 
ficient. Eig. 777 shows the assembly ui the mounting ring and the way it 
is bolted U* llic engine and nose ring <»f the jilane. Raise the engine with 
mounting ring to the center of the nose ring on the plane niul w<»rk the 
magnetos back ihrougli until the nnninting ring is up iigainst the nose of 
the plane. Holt the nuumting ring to the plane with twelve •')^«-inch bolts. 
After the plane has been flown for about two hours, pull up on all mounting 
bolt nuts, after which the nuts will remain tight indefinitely. 



Pig. 776.—Propeller End View of Fairchild-Canunez Motor Showing Carburetor 

Installation. 


The Mo<lel 447C* engine is .sujjpHed with a Stronil>erg NA-U5 carhuretor. 
Fuel is fed to the carburetor by gravity alone, unle.ss the plane is etjuipped 
with an indepeiuleni fuel pump. The bottom of the fuel tank must be 
twelve inches above the carburetor at the steepest angle of climb of the 
ship. Use Ji-inch copijcr tubing for the fuel line from tank to carburetor. 
Place a length of Air Service gas<dine hose in the line near the carburetor 
using a brass hose liner in the joint. Secure the line adequately to prevent 
vibration. A suitable gasoline strainer should be placed in the line between 
tank and carburetor in a convenient localum for cleaning an<l draining with¬ 
out removing the cowling, A giKid strainer made by the Consolidated In- 
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strunient Cofn|>any of America is shown at Fig. 763. 

The carburetor is mounleU on the engine wilh its mtmth facing in either 
direction. No sc<k)|> is fiirni.shed with the engine hut one may be installed 
without effecting the performance of the carburetor. As shown in Fig. 778, 
the throttle control lever is on the right side and the altitude control on the 
left when the carburetor mouth faces forward. The throttle control lever 
may be set at any angle as it is retained by serrations on the lever and shaft 
collars. The thndtie lever has a radius of inches and moves through 
an arc of 70 degrees between full ojjcii and closed positions. The lever 
end is *4 bich thick ainl is <lrilled for a ^ inch clevis pin. The altitude 
control lever has a radius of 1)4 bich and moves through an arc of 90 de¬ 
grees between rich and lean. 1‘hc lever end is inch thick an<l is drilled 
for a )4 bich clevis pin. h'or winter (lying an air prc-hcaier should be in¬ 
stalled to heat the air coming to the carlmretur. This should he arranged to 
\ ary the degree of prc-licaling .so that the air can come direct from the 
atnu»sphcre or all fri»m the heater. 

Lubrication System.—-The lubricating oil tank should be <»f such ca- 
lukcity that there will be two gallons <if oil remaining in the tank when the 
gasoline capacity of the plane is consutne<l. base<l on one gallon of oil to 
twenty gallons of gasoline. If the tank is placc<l belnw the center line of 
the engine, do not drop the oil level more than 24 inches below the pump 
suction. Expose the IhiUoiu or si<lcs of the tank to the .s|ij)stream and 
provide bir covering in w inter or rover the tank w ilh cowling and provide 
louvers to alhnv free circulation of air alMnit the tank. 

Vent the tank at the t<jp with a J'i-iiicli cojjpcr tube leading to the vent 
connection in the back of the engine cam case. In winter this vent pipe 
.‘ihimld be insulated from the cold b)' asbestos wrapping. The lubricating 
oil suctum and discharge lines arc -^^-iuch cop]>er tubing. .Stamlard Air 
Service ^-inch hose nipples should he placed at each end of the suction 
and discharge lines with hose liners between pipe ends to juevent slufhng 
of the rubber into the oil line.s. The lines are licst left unsupi>ortcd between 
the hose nipples. The lubricating oil pump suction is at the left and the 
discharge to the tank at the right of the engine when ob.served from the 
pilot's seat. A thermometer tube location is provided in oil sump of the 
engine case in front of the carburetor flange. Heat to a low red heat and 
(jucnch all copper tubing after bending an<( su]>|Kirt all long lines ade<]uately 
to prevent vibration. 

ProjHjr location of the oil tank under the cowling is imptirtaut. when an 
engine is installed. The lank slmuld l>e placc<l low—the top of the tank 
should be about level with, or below the ednter line of the engine and pro¬ 
peller. The bulk of the tank should be considerably below the center line. 
The filler line can he extended to the top of the cowling, for convenience 
in filling, and a drain cock can bcexlemled below the bottom cowling- Thus 
filling and draining can be easily accomplishe<l. It is desirable to have one 
surface of the tank in the slipstream, (►r to provide 1i»n\ers in the cowling 
below the engine, to allow air to circulate aroinul the oil tank to keep it 
Ci)ol. Oil tank capacity should never be less than five gallons. If large 
amounts of fuel are to he carried, the oil tank capacity should be seven per 
cent to eight per cent of the total gasoline capacity. If 100 gallons of gaso- 
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Fig. 779.»«Initallatioci Drawingi ol Pairehild«Cimines Engine. 
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line are carried, the oil tank should hold about eight gallons of oil. If gaso 
line capacity is considerably more than this, the oil tank may approach the 
seven per cent hgure rather than the eight per cent figure. 

Magneto Wiring.—The n»agneto connection to the dashboard grounding 
switch is located directly above the breaker box on the outer end of the 
Scintilla magnetos. Connect these terminals of the rig^t and left magnetos 
to the terminals on the switch marked “R. Mag.’* and ’‘L. Mag.’* respec¬ 
tively. Use goo<l quality insulated ignition wire and support the wire with 
clips at suitable points to prevent rubbing and kinking. Connect the switch 
terminal marked *'(Jrd.’* or *‘OFF’* to some part of the engine .such as the 
bolls huliling the starter. If the engine is cquii’ped with a hand starter with 



Pig. 780.-^Challenger Biplane with Pairchild-Caminea Engine Installed. 


booster magneto, connect the terminal on the booster magneto with the 
terminals marked “H” on the Scintilla magnetos. The upper terminal at 
the end of the Imostcr magneto i.s for grounding the magneto when it is de¬ 
sired to crank the engine over without starting. A switch with four ter¬ 
minals or an extra grounding switch will be required on the dashboard. 
The lower terminal is grounded to the engine and should be connected to 
the starter stud or some other convenient location. 

Spark Control Lever.—The spark control lever is located at the top of 
the magneto bracket. Its arc of action is 57 degrees and its radius 2yi 
inches. It is held in the forward (advance) position by a spring and must 
be pulled backward (retard) against the spring. The clevis pin hole is % 
inch diameter. 

If the dog on the Eclipse inertia starter or geared hand booster starter 
is engaged with the extension shaft, the spark control lever will not move. 
Turn the engine ahead by hand a half revolution which will disengage the 
dog of the starter. In cold weather when the oil is very viscous, the spark 
will retard automatically when the engine starts. The spring provided for 
advancing the magnetos will not operate until the oil is warm enough to 
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flow freely. Do not atlcuipl to fly until the spark will stay in the advanced 
position. The engine may also be start e<l by a booster map:ncto in the 
pilot's cocki'it or by hand crankin^c the propeller. For hand cranking the 
propeller imnnit llic pn»peller with the blades at right angles to the large 
spline <Mi the shaft. 

Tachometer Drive Connection.—A single tachometer drive is located 
below the lubricating oil puiu|> and is gear driven by the pump shaft. This 
drive runs at drivcsbafl or priundler speed in a cli>ckwise directitm. With 
this drive a stan<lar<l Air C'orps tachometer will register twice drive.shafi 
sjjecd. The terminal connection is the U. S. Air Corps standard form with 
ji-inoh-dglueen ihresnl. 1'Iie rated s|H*ed of the engine is 1.000 rp.m. m* 
tlu* driveshaft. 'I'his will register 2.000 the standard U. S. Air 

Corps tachometer and rej^rcscnl.s the actual piston speed of the crankshaft 
speed of nil e4(nivaleiit crunk engine, 'riius the cam inechanism Ci»rrcsjMjnds 
to a tw(» to otic rutl<» tif a genre<l crank engine. 

Engine Starter.—Tlie engine may be or|nipped with Eclipse Typo M- 
2,004 Geared Hand Starter with H<K>ster Magneltj (gear ratio twelve to 
one) or Eclipse Series VI. Extension shaft ami crank are supjdied with 
the haml inertia starter. An oiitl)<»ur<l hearing siipfiorted from the fuselage 
members will be necessary to sniijMirt the extension shaft, and a hole must 
be cut in the cowling ti» admit the crank. H the engine is c<jui]»ped with 
an inertia starter u pnsh-pnll control from the pilot's seat or from the 
cranker's position must be installe<l to engage the dog. Make certain that 
the mechanism springs buck positively and allows the .starter dog to rest 
agaigst the leather seat, if the ptillrtKl funds an<l holds the dog slightly ofV 
its/^..^. oil w*i2l seep into the starter flywheel case and can.se the starter to 
work hard. 

in building exhaust manifolds for the engine care .should be taken not 
to re.strict the flow of the gas or to build up back jircssure. All elbows 
connecting the exhaust ports wrth the nianifohl should exp«ind from the 
two inch diajiieler jiort to 2'/j or three indies dram cl cr as rajiid ly as pos¬ 
sible and yet clear the flange nuts. 'I'hc elbow should enter ibc tnanifold 
at an easy angle to allow .simndh flow of the gases. The manifold shonbl 
have an area etjua) to or greater than a three inch diameter round manifold 
If the manifold is extended back tenvard the tail of the shij), the extcnderl 
length should be exj^anded io3yi inch or four inche.s diameter. If the mani¬ 
fold .section is .strcaniline<] the cross-sectional area should be larger than 
that given for round manifolds because of the greater skin friction of the 
increased surface. Munifohl connections are provided with each engine 
and should be used to mount the exhaust manifolds on the engine. 

The .shape of the engine cam case leinl.s itself very nicely to the slip¬ 
stream without cowling completely. H the engine is nut cowled complete 
the cowling .should be brought over the mounting flange of the engine. 
Since each installation is cowled in a ditTcrent manner it is strongly advised 
that the airplane builder design his own cowling and submit the design to 
the engine builder for apprtwal. In general, keep the cowling line below the 
steel shrink ring of the cylinder. Allow for plenty of air circulation about 
the cylinder barrel cither by cutting hnivers or by leaving the cowling open 
in front of the cylinders. A sufficient number <if louvers should be cut in 
the cowling bebind ihe engine to allow the air to get out. 
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P'ropellen—The choice of the correct proi«Ilcr is very important. The 
propeller should not turn al>ove 1.000 r.p.m. (2,000 r.p.m, tachometer read¬ 
ing) at full throttle in level flight. The Installation Department of the 
engine builders is prepared to forward a<lvtce on propellers suitable for 
various installations. The |K>sitii)n of the hub splines with relation to the 
propeller blades does not affect the nmning characteristics of the engine. 
However, for emergency hand cranking, the jiropcUer hub should be placed 
with the broad spline a.s nearly ‘10 <lcgrces to tl»c blades as possible. 

Cover all nialiiig jiarts of the shaft end and hub with grai^hitcnl grease. The 
luib cone is easily slid on <»r uff the shaft by eN|>Anding it with a screw* 
driver in the slot. See that the bronze bushing is in the propeller bub or 
<111 the shaft cone before mounting the proi>elUT on the shaft. The hub 
splines should fit the shaft with a .secure slip fit. Place a timber on the 
ground and under the hub nut bar and tighten the luit by pulling <lovvn on 
the projjeller Idade with the bar bearing on the timber. Tighten the lock 
nut securely with the special .spanner and secure with a cotter pin through 
the two nuts. Check the pro|>eH(.T for tracking of the bla<1cs after it is 
mounted. 

After the hub has been removed and replaced several limes the bronze 
cone bushing becomes thin and alhuvs the hub to jiress against the camshaft 
nut. The clearance between hub and nut sboubi he at least .045 inch. If 
the clearance is loo .small a new bronze Imshiiig shoultl be use<l f^r a hard¬ 
ened washer Vir. 'tich to % inch thick v^ith gnmnd parallel faces inserted 
between the .split steel enne atnf the camshaft nut. 

Installation of "Whirlwind** Engine In the Airplane 

Unpacking and Cleaning.-AVrigdit "Whirlwind** engines are shipped 
from the factory in a sealed packing box with the following outside dimen¬ 
sions : 

Dciaht .. 

WiiNIi. 

l.<nKlh . ...54" 

nisulaccmail .7o{/^ Cu. Ft 

The shipping weight of the engine and box isr 

J4A .*>70 Ihs. 

JS.1010 lbs. 

The following procctlurc .should be adlieml to iu unpacking and cleaning 
a Wright **Whirhvinfr* engine which is shown in its shipping box with 
cover coinparliuenl of the case removed at I'ig. 781. 

1. Itrcak seals found under metal prulcctiug plates at the bottom of 
the box. 

2. Remove nuts on four bolts found directly under the handles and lift 
cover by the handles. 

3. Remove oil cloth from the engine. 

4. Remove sparkplugs or dummy plugs atid turn engine over ten or 
twelve times to expel oil. 

5. Replace sparkplugs. If they were in place in engine when received 
wash in gasoline before replacing. 

6. Remove four lag screws securing nuuniting plate to bed timbers. 
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7. Lift engine by parsing a rope or cable under the front flange between 
the hohs of the propeller hub. If a hub is not supplied it will be 
necessary to proceed in accordance with item 3 below. 

8. Remove mounting plate. 

9. Remove breather caps and screw in lifting eyes. Lifting eyes are not 
furntshe<l with the engine but can be purchased from the Wright 
Aeronautical Cort>oratiuti. 

10. Lower engine on to tilting stand and bolt in place securely. 

11. Tilt stand until crankshaft is horizontal. 



Fig. 761«—Wright Model J5 Engine in Shipping Boa with Cover Removed. 


12. Clean engine with gasoline spray. 

13. Pass a cable through the lifting eyes and hoist engine, removing it 
from tilting stand. 

If a tilting stand is not available proceed as follows: 

1. Perform operations 1 to 5 inclusive. 

2. Tilt ba.se of shi|>ping box to at)proxiQiateiy vertical position and place 
a support under the propeller hub. 

3. Using a piece of rope, make a loop around the base of the No, 3 
cylinder inside the push rods, \izss> both ends up over the hook of a 
suitable hoist and down around the base of the No. 8 cylinder. An¬ 
other loop should be pul around the book and the propeller hub or 
crankshaft end to provide proper balancing. Be sure these ropes clear 
the rocker arm.s, .spark jdtigs and push rods. 

4. Lift from floor and remove the base of the engine box. 

Installation in Airplane.—After the engine has been unpacked and 

cleaned it will be ready for installation in the airplane. All burrs and sharp 
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corners should be removed from the engfne mount atui the mounting flange. 
Care should be taken to see that the engine mount is flat and fits the mount¬ 
ing flange all around. Hoist the engine by the lifting eyes and carefully 
work the rear end through the mounting ring. BoU to the mount securely 
with eight ^ inch diameter SAE alloy steel l>o1ts and i(K:k by some suitable 
means. The main dimensions of the engine are clearly shown in installation 
drawing at Fig. 782. 


Pig. 7a2.<—InittUation Drawing. Wright '^Whirlwind'* Engine*. Models JSC. J5A. J5CA and J5B. 
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Lubrication System.—The Miction from the oil jacketed carburetor 

manifold to the* snetion sifle of the scavcnsiii^ |mni|> s^hould he in^^talled 
It is of the titnuisl iiii]K>r 1 ance to see that this iM|ie is free from air leaks 
at the (lances. 'I'he llaiij;es shimUl he examined lo sec that (hey are square 
and free friun <lirt and that tlie ^a.skct^ are in ;;cmk] comlitniii before holting 
in place. This is twrv iiiit^orUint as ihv em/no* mII ioj/ fiiittfioit 7i*iih air leaks in 
/Aw five. This oil siictkin lino is clearly shown at Fi^'. 783. 

1'hc oil tank should, if 



Oil suctiQn lin« 


Carburetor 

feedf^ipe 


Cartnjretor 


|yjssif)le. ]>e located so that 
I he oil level is alxive tlie 
oil pump. Tills will eliin* 
inate trouble with priming. 
The lines from the tank 
to the engine should lx* 
short with as few 1>eu<ls 
as (yjssihlc. Cop|)cr pipe 
of -Vi inch diameter, heated 
and <jneiichcd after Iwiuh 
in^. ami well braced 
lliroiighoitt its length 
eliininate vihratijm is rco- 
oiMinended. Tlie oil inlet 
and outlet connections on 
the engine will lie found 
on the left-hand side of 
(Ik* rear section IvhimI the 
immuting flange. These 
are fitk**l with nipples of 
tile proper size, Ix^adcnl for 
hc»se clamps. 

The vent from the tnl 
tank may lie piped IkicW 
inti I the engine crankcase 
with a Yt inch diameter 
pi]H\ A hole with a 
inch pipe thread is pro¬ 
vided on the left side of 
the rear .section of the J5 
for ihi.s line. This pre¬ 
vents (he spilling of oil 

from the oil tank during stunt niaiicuvcrs. llic oil pressure relief valve ant! 
oil strainer will also lie ftnmd on the rear scctitin and shoukl Ijc cleaned and 
adjusted as dcscrilied later. 

The oil pressure line should he %Anch copper tubing connecting the 
pressure outlet, found at the rear and bottom of the rear section, with the 
pressure gauge on the instrnniciU hoard. This tubing should he heated and 
tjuenched after bending ami braced at frequent intervals to eliminate vibra¬ 
tion. Mrass fillings .should be uscti on the cml.s of thi.s line. 


St<rtar 


Fig. 783.^Rear View of '’Whirlwind** JS Engine 
Showing Oil Suction Line and Carburetor Peed Pipe. 
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Onlinanly it will imt ho nercssnry to ini^tall an oil cooler on “Whirlwind” 
eii^nes as the heat i;ivei) to the oil is very small and is easily dissipated 
from the oil line and oil tank. UtJder certain c.xtreine condiiions a cooler 
may he necessary, in which case it should be inserted in the dischar|;e line 
of engine. 

Cowling.—Where cowling is provided it is desirable that .some provision 
be made to regulate the cooling ohlaiiicd by the engine. In cold weather 
it is essential that the crankcase. carburct<irs and the lower halves of the 
cylinder barrels be enclose<! lo lessen the dangers of cold oil. It is also 
advisable to lag all the exiernnl oil lines with some insulating material, 
especially the drain from the internK*<liate section t(» the sump. For opera* 
lion in warm weather pruvi.sion .shtnild be nia<le for a sufficiently increased 
flt>w air over the crankcase and cylinder barrels to insure a<le<|iiate cool¬ 
ing of the engine. The lugging sh<ml(l l>e removed from the oil lines. 


The Wright Acronanheal CoriH>ration encourages airjdanc mamifac* 
tiircrs to send in their ]Knveqdant installation dcsigtts for criticism. Ac* 
coin])auying the prints slionld be a general description of the plane, the uses 
to which it will he put and the climatic comb I ions which will he encoun* 
tered. A.s air*c(i<»lc(] engines are still rather new to most manufacturers, it 
is hojicd they will take .advantage of this ojiportunily and profit hy the long 
experience of the Wright engineers in this line, Viiritnts .siiggcstiims that 
have been made fm* cowling and e.xhaust gas disposition for .'tir-emded en¬ 
gines in general will a]i]dy just ns well to the “Whirlwiu<l'* models. 

Fuel System W*bir I wilier* engines are supplied with nr without a fuel 
luinip at the ojitlon of the customer, ff tin fuel pump is supplied the car* 
hurctor .shonhl be coimeclctl by a y«-inch lino of coi>tK*r tubing, healed and 
<)ucnche<l after heiuling. t<» a gravity l;ink having at least twenty inches 
head. If the fuel jmnip is suii]»lied. the discharge from the pump is con¬ 
nected hy )fi-inch cop|H:r tnhnig i<i the carhureKir as .shown at Fig. 783, 
the pressure relief is returned ti> the supi>ly tank and the inlakc line is 
taken from the bottom of the supply tank. The fuel lines should he as 
sinijile as jHisstble and free from vertical bends in which air pockets can 
forni. The lift from the tank to the |>uinp .shimhl not he more than three 
feet. It will he necessary Ui prime the engine fuel pump with a suitable 
hand iMtnit>. The engine fuel punii) is httexi with a hyiiass valve which 
allows the fuel from the pruning jatnip to How around the tnimj) gear into 
the disch.irge line to the carburetor, llin.s eliminating the necessity for a 
coin plicated valve sy.steni. I'o adju.st the pressure in the carlmrclor feed 
line remove the domed ca|> from the relief vuKc, hmseii the lock nut and 
screw in or out on the a<ljiislmg screw to raise or lower the pressure. 

Magneto Wiring.—The top connections **{*** of the magnetos, Fig. 784, 
should be connected U» the ^M>nit.< on the grounding switch marked *’R Mag” 
and “L Mag” with insulated ignition wire, 'riie |>oint marked “Grd” on the 
switch shunid he connected to the engine crankcase. These wires should 
all he clippcil at suitalde t>oints to prevent them from chadng or burning 
on the engine. Tlii.s is nuist rmportanl, ti> the pr<»]>er functioning of the 
engine depends on the contacts made through these wires. If an inertia 
or electric starter is used a booster magneto is not essential but may be 
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of considerable aid in cold weather. The booster magneto can be mounted 
in the cockpit, in which case the high tension lead will be connected to the 
terminal "H*' on the top of either magneto. The ground wire from the 
booster magneto should be connected to the terminal marked ‘‘Start*' on 
the switch. If the booster is used from the ground the high tension lead 
should be inserted in the terminal marked “1!** on one of the running mag¬ 
netos and the body of the booster magneto should be grounded on the 
engine. In this case the connection can l>c pulled out as soon as the engine 
starts and the magnetu kept on the ground. Photograph.^ of the running 
magneto.s are given at Fig. 784 showing the starting magneto terminal and 



Pig. 7e4.~Seintilli AG-9D Magneto Used with Wright “Whirlwind'' Engines. 

ground connection. I'he spark control levers on the magnetos are C(»n' 
nccted by rods, ball joints, and IcvVrs to a cn»ss shaft running through the 
rear part of the crankcase. The left end of this shaft is provided with a 
lever to which the contnd nxl is to be aitachetl. The movement of this 
lever is 72 degrees, the radius is inch, and the hole in the end is drilled 
for a ^Q-inch pin. 

“Whirlwind” Carburetor.—The carburetor is adjusted at the factory to 
give the proper fuel consumption when mounted on the engine facing the 
rear with no air scoop. If an air sc(H»p is added or the carburetor is faced 
forward, the fuel characteristics of the engine will be changed and a further 
adjustment may be necessary. It is. therefore, rccomnieiulcd that the car¬ 
buretor installation be left as received. In case a change is necessary, the 
company’s Service Department should he consulted. The controls on the 
J4B engine are on opposite sides of the carburetor—the throttle on the right 
and the mixture control lever on the left. The throttle lever can be ad¬ 
justed to any ]M>situjn bv removing the cotter pin and nut on the end of the 
throttle shaft and mowing the lever <mi the .scrralion.s to the desired angle, 
then replacing the luU and cutler pin. Du nut draw up this nut too tightly 
as it will .Khear the shmilder on the throttle shaft and cause it to bind. The 
throttle lever cannot be movc<l fnnn one side uf the carburetor to the other. 
It has a radius of IJi inch and a travel of 70 degrees between full open and 
full closed. Both throttle and mixture levers are drilled to .218 inch, the 
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throttle lever being inch thick and the mixture lever inch thick. 
Clockwise ri»talion of the lever opens the throttle and counter-clockwise 
closes it. The mixture control swings through an angle of 90 degrees on 
a 1J4 inch radius. Clockwise rotation of the lever is full rich and counter¬ 
clockwise full lean. The mixture control o]>cratcs from 45 degrees below 
horizontal to 45 degrees alK>vc horizontal. This muveiueut can only be 
changed by htting a s|>ecial lever, in fitting a si>ecial lever, care should 
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P^g. 7S5.—Stromberg Cirburetort Used with Various Models of Wright “Whirlwind** 

Engines. 

be taken to see that the mixture control valve is not shifted from its proper 
position. The fuel pressure line connection should be made at the drain 
hole in the wall of the carburetor strainer chamber. When received this 
hole will be stopped with a plug stamped **Drain." Photographs of the 
Stromberg NA-U5G carburetor will be found at the top of Fig. 765. 

The float chamber of the J5 carburetor is so arranged that the gasoline 
will approximate normal head when the ship is thrown from the catapult 
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r»r ^oes ihrrniph sttmt mauciivn*s. ll is, iherefcirc. tiiadvi<;a1)]e to turn the 
carburetor around as this will upset these conditions. The throttle and 
mixture control levers of the NA-'l l rarluirelor are bolh on the ri^ht-hand 
side and ncilhcr can i>c shifted In the <jther side 'rhe throlllr lever, as on 
the NA*U5fi curfuireM»r. can Ik* udjttsicd to any desii'e<l ati/'nlar position 
and has a inovenieiil of 70 de;;rees helween In 11 oj>eu and full closed. The 
mixture control lever is in the full rich position at M tierces aft of the 
vertical and full lean at 21 dc^^ees forward of the vertical. The radius of 
both levers i.s l.t< inches and f>oth arc <lrille<l for a ^^u-inch pin. The throt¬ 
tle lever is .24M inch thick and the mixture control lever is .186 inch thick. 
The fued i»re.ssurc ffuiiKC liuc connection should he made at the <lrain hole 
in the wall of the carl)uret<»r strainer chamher. When received this hole 
will he stopped with a pluf' stampe<l ‘'Drain.*' PhotopTaphs of the NA-T4 
carburetor will lie bmmi fm h'ijf. 78.S. at the bottom of the Illustration. 

Tachometer Drive Connection.—The two laehometer drive connection.s 
will bo found mi top of the oil puMiji on the left-h«ind side of the rear sec¬ 
tion. These are of tlie V. S. Air (*orps slaudurd b»rni with J<-incli—ciVh- 
leeti thread. They niiale at '/j crankshaft s|>ecd iti a counter-clockwise 
direction as viewed from the open end. 

Starter.—Several ty|H's of starters are supplied on J4R ami }$ eiij^t'cs 
as desirctl hy the cusUnner. On all starters a hniitl crank is vwpiircd which 
fits over a shaft ami drives through a ]iiti. In most cases the hand crank 
is siipt>lie<l Willi the starter hut it may lie necessary Ut chaiifjc its length to 
suit various Installations. An onl.sMle hcaririg in line wdth the starter shaft 
will he necessary. This bearing .should be rigid and have sufTicienl clear¬ 
ance to allow' for a slight inisaligninent of the hand crank and starter shaft. 
With the inertia starters a jiusb-t»ul1 control is necessary to operate the en 
gaging dog. This control c.aii be led In the pilot’s seat or Imuiglit nut near 
the crank. Tt is necessary to juish the coni ml >f the engine fails to start 
in order to diseng.age the clntcli. A roil mechanism is therefore es.seiitial. 
The same in.'^lallalinn is rcipured with the wc^nn l\ pc of starter. If for any 
reason the .•^tarter <lc»g is removed ami not retdace*!. duniniy parts will be 
recjuired in the crankshaft to seal it against engine oil jircssure. 

Mounting the Propeller.—The pro|H.dler .should be <lesigned to allow 
the engine to I uni a])proxiiualely niled spi*e<l at full throttle when the shi]) 
is in level flight- f)ther speeds are umle.sirabic as low' speed hobls ilown 
the power of the engine, cnu.ses excessive torque viliration and increases 
the tendency to detonate, while high speed subjects the engine to strains 
which will shorten its life. The propeller should he installed on the huh 
with the dow*e? in the line of tlie hladcs. In this im.sition the propeller blade 
marks top and bottom center of No. 1 cylinder. With the hub placed on 
an arbor the i>ropelkT slumhi be set on jiaralleks to check the balance. The 
propeller should also Iw checked for track, i.e., the following of one blade 
in the plane of the others. 'Hus can l»e done most easily in the ship by 
establishing a point on the tdaiie close to the jiropeller tip and checking 
the distance to each blade as it passes this point. No firopeller which is out 
of track or balance should he used. When mouiUiiig (he propeller the taper 
and threads cm the cniiikshaft should flrst he cleaned with gasoline and 
blow n off with an air hose if available. The same treatment should be given 
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the l)ore oi the propeller hul> aiul the crankshaft nuts. The crankshaft 
should then be coaler) with engine <ii) or graphited OOOW and the propeller 
hub pushed on. The inner nut sh<mld he screwed onto the crankshaft until 
it is home. It is advtsahic to hit Ihe proj>eHer hul> wrench three or four 
times with a lead hninmer to he sure that this mil is tight. The outer nut 
should then he screwed in Co the hiil> and the same |mK*edure followed. Be 
sure that the.se nuts arc clean and well oiled hefc»re installing. A hole in 
the inner nut must register with a similar h(»lc tn the outer nut to take a 
cotter pin for locking. 'I'herc are twelve holes in the inner nut and two 
holes spaced 45 degree nimrt in the outer nut so it is a fairly easy matter 
to bring the nuts together*for a cotter pin. Turn the engine over a few 
tunes by hand to make sure that the propeller has ample clearance at all 
[joints. 

Wright “Whirlwind*’ Engines 
Instructions for Starting and Normal Operation 

Before starling the engine for the first time (he following items should 
he checked: 

1. Check o\cr all nuts and holts h<»th <*u the engine ami the mount and 
see that thc> are tight and properly locked 

2. Check the iirojiellur hub nuts to be Mire they arc tight and coitercd. 

3. Lubricate the valve gear \uth Alennle gun using ()0()W oil. 

4. Fill the oil tank with an nni]dc i|uatility <if oil for the run (minimum 
(|uautity t\v(» gallons) ami see that all lines are open. 

5. Fill the gasiiline tank with the )jn>pcr gr«idc of gasoline. 

(), Oj»erate the throttle ami niiNturc coutnds and inspect the levers on 
the cnrhurctor to make sure that they hit the stop on both cmis of 
the travel without restriction. 

7. Oi>crate the spark advance control and inspect for full operation of 
the lever. 

8. Sec that the tacboineier and pressure gauge are proi>erly connected 
and that the oil tem]>e rat lire thermometer hulh is in place. 

9. Turn the engine over by hand u* see that everything is clear. 

10. See that the pruning line ami pump arc properly connected and in 
working order. 

11. (>|>en the ccK'ks in the gas line and operate the hand pump if supplied. 
See the gasitliue is sut>jdied to the carhnretctr and that all lines are 
tight. Sec that the carburetor does not <lrip gas. 

12. See that ground wires are connected to the uiagneUis. 

Starting.—Having C(*tn]deted the pre*stuning in.>spcctioii the engine is 
ready to start and should he handled as follows: 

1. Give the engine several strokes of the priming piini|>. lixperience is 
necessary to determine the proper animint of prime for each engine. 
About five or six strokes of the ivUukenheimcT pump are usually 
necessary. Excessive jirlining has a tendency to wash the oil off the 
cylinder walls and cause scoring or seizing of the sleeves and pistons. 
In cold weather the engine re(|uires more jiriming than in warm 
weather. 


A hot engine docs not ordinarily reipiire priming. 
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2. Turn the enjjine over a number of times with the throttle closed to 
suck the pas into the cylinders. 

3. Set the throttle to approximately '/i open and the mixture to full rich. 
Rainier starting will be obtained with spark control at approximately 
full advance. 

4. Operate the starter and allow the enpine to turn over a full revolution. 
Then turn the ipnition switch to the start position and operate the 
booster if one is being used. 

5. If the enpine fails to start after several attempts prime again and 
repeal. If the enptne is overprimed the throttle should he opened 
wide and the enpine turned backward seseral revolutions by hand, 
lie sure the ipnition switch is o(T. 

(i. In e.xlrenic cobl weather the oil should be heated lieforc filling the 
oil tank. 

If the engine fails to start after a rea5<inab1c number t»f attempts, consult 
.'Special chai)irr on troubles and overhauling to ascertain |K>ssil>lc cause. 

Ground Teat.—When the engine starts the spark should be advanced, 
ihe thr<iiile pullcfl back t<i (jtK) or 800 r.p.m. ami the gauge watched for 
oil pressure. If the cnl prc.^siire fails to rise within one minute the engine 
should he shut down and an investigatiem made. After the gauge indi¬ 
cates oil pressure the engine should be run at fiOO to 800 r.p.m. for 
two minutes or more and the throttle ihcti o|K*in*d to 1,000 r.p.m., where it should 
be held until the t»i1 tnUlel temperature start.s to rise. The sjjeed may then 
be increased slowly to full throttle. The mixture control should be leaned 
out until the engine is turning maximum r.p.m. This may occur in the full 
rich j)ositiun, Observe the r.j).m., oil j>ressure and oil lemj>eraturc. With 
the mixture con in d .set for maximum r.p.m., check the functioning of the 
enpine when running on inie magneto at a time. If the values observed 
are normal and the si>€cd docs not droj) more than 75 on each mag* 

ncto the engine is ready to fly. It should be remembered that the engine 
receives very p<»or cooling while on the ground and prolonpc<l running at 
full throttle should he avoided. 

Flight.—The instruments should be noted at fre<pient intervals to .see 
that the i>ower}jlant is functioning projHjrly. The engine should be o])er- 
ated to keep within the following limits: 

Oil prcs.sure 50 to 75 pounds per scjuare inch. 

Outlet oil temperature not over 180 degrees Fahrenheit (82 Centigrade). 

Fuel pressure two to four ]>ounds per square inch. 

If the oil pressure falls below 35 pounds an immediate landing should 
be made and the cause of the trouble located and removed. It is not so 
serious when the oil pressure exceeds the high limit but it should be cor¬ 
rected at the en<l of the flight. This can generally he done by adjusting the 
relief valve. High oil temperature when not caused by atmospheric con¬ 
ditions may be a sign of trouble in the engine. If the outlet oil temperature 
rises above 180 degrees Fahrenheit a landing should be made as soon as 
]Kissihle and its cause determined and c<wrected. 

Landing.—llecause of the faster heating and cooling rate of air-cooled 
engines a hot engine should never be shut dow*n rapidly, except in emer¬ 
gencies, as this is almost sure to warp the valves. After a plane has landed 
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and taxied to the line, the spark should be retarded, the throttle slowly 
closed to 600-700 r.p.m.. and the gasoline supply shut off. The engine 
i^hould be allowed to run this way until the fuel supply fails. I{ this is done 
regularly the time between overhauls will be greatly increased. 

Puels.—The fuel used .should be either <i( the type known as Grade B 
domestic aviation gasidine or one of the commercial fuels rectnnmended. 
The use of other ^icls is 
apt to lead to unsati.s{actory 
Operation and serious dam> 
age to the engine. The 
manufacturer will assume 
no responsibility for the 
engine's |>crfomiancc when 
other fuels are used. In 
ca.se of emergency, when 
a])])rove<I gasoline is not 
available, benzol ga.s. ethyl 
g.is or high test autoimOiile 
gasoline should Iw usckI. 

The engine .should then be 
ojwratcd at reducnl throttle 
with the mixture ccmlrol in 
the full rich jHJsiiion. Gas¬ 
oline from California base 
crudes is much superior to 
ga.so!inc from the mid-con¬ 
tinent aiul eastern cnidcs. 

The folk»wmg specifica¬ 
tion corros|KJiKls to the 
Navy I)tf|)artment Sj^ccifi- 
cation No. 7Cil It of flc- 
ceml)cr 1. 1024, for Grade 
B domestic aviation gas<^ 
line. 

Grade B, domestic avia¬ 
tion gasoline shall confonii 
to the following require¬ 
ments : 

, 1. The gasoline shall be 
free from water and sus- 


landed matter. Fig. 7M.—Method of Balancing a Wright "Whirl- 

2. Color. — The color wind** Engine Propeller. Stand Shown Can be Ueed 
sliall not l>e <larkcr than with Any Propeller it Will Swing. 


No. 25 Say I wit. 

3. Doctor test.—The doctor test shall 1>c negative. 

4. Corrosion test^One hundred cubic centimeters of the gasoline shall 
cause no gray or black corrosion and the amount of deposit when 
evaporated in a ])olished copper dish shall nut exceed three milligrams. 
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5. Distillation ran^.—The temperature limits are as follows: When 
five per cent of the sample has hcen recovcretl in the ffra<1iiated re- 
ccivcT. the thcrtiunnefcr shall Ti(»t read more than 75 <lcj;rees Cciiti- 
jjrade {\()7 decrees Fahrenheit), or less than 50 degrees Centigrade 
(122 degrees J‘'ahrcnheit). 

When 5(1 per cent has heeii recovere<! in the receiver, the ther¬ 
mometer shall not rea<l more than 10.5 degrees Centigrade (221 dC’ 
grecs Fahrenheit). 

When 90 ]>cr cent has been recovered in the receiver, the ther¬ 
mometer shall run rea<l nuire than 155 degrees Centigrade (311 
degrees Fahrenheit). 

When 9f) per cent has hcen rectivcred in the receiver, the iherinom* 
etcr shall not rea<l more than 175 liegrees Centigra<lc (347 degrees 
Fahrenheit). 

The end point .nhall not he higher than 100 degrees Centigrade 
(374 degrees Fahrenheit). 

At least % per cent shall he rectjvered as distillate in the receiver 
from the distillation. 

The distillation loss shall not exceed two per cent when the 
residue in the flask is cooled and added to the distillate in the receiver. 

6. Acidity.—The residue remaining in the flask after (he distillation is 
completed shall not .show an acid reaction. 

7. Sulphur shall not he over 0.10 per cent. 

0)1.—Lubricating oils for use in Wright engines must conform to (he 
rollowtng specification: 

1. Flash point—Method 110.31. The flash point shall not he Icnver than 
400 degrees Fahrenheit. 

2- Vi.sc<»sity—Method 30.4. The visco.stty for summer use shall he SX) 
to 105 .seconds and for winter use shall he 75 to 85 seconds. 

3. Pour points—Method 20.11. The jM>ur txnnt for summer use shall he 
less than 45 degrees Fahrenheit and for winter use .shall he less than 
fifteen degrees Fahrenheit. 

4. Acidity—Method 510.3. Not more than 0.10 milligram of p<»(assium 
hydroxide .shall be re(|uired to neutralize one gram uf oil. 

5. Fmul.siou test—MeihiKl 5(X).ll. The oil shall separate completely in 
one hour from an emulsion with di.stilled water at a temjjeratnre of 
180 degrees F'ahrenheit. 

6. Carbon residue—Method 500.11. The carlxm re.siduc shall not exceed 
2.5 per cent. 

7. Precipitation number—Method 310.1. The precipitation number .shall 
not be greater than 0.5. 

8. The oil shall be derived from a petroleum base and shall be free from 
fatty oils, resins, soap and other C(nn|>ounds not derived from petro¬ 
leums. 

Tests—All tests shall be made in accordance with ''Method for Testing 
Lubricants and fJquid Fuel" contained in Technical Paper No. 323A, 
Bureau of Mines. The inethcKi numbers given al>ovc refer to this 
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paper. Copies of this paper tnay be obtained ufion application to the 
Quartertna.«ter General, U. S. Army. 

The luhricatinj' oils listcfl below have deni on si rated )>y extensive service 
that they are satisfactory for use in Writhl engines. 


Sitmmer (intiU' 

(larffoyle M(4)it<Ml H (97-101) 
Hyvis Kxtra H«ivy (110) 
Keedall G (106) 

Marlaitd Super Liberty (tOO) 
Marvehil)e Kxlra Heavy (10,t> 
Pniii 2 (»it AviutMMi Spct'ial (100) 
SlaiioHml .StijH'rla (W95) 
Valvolinc Specml Hrsivy (05) 
Vecdci] Kxtm Heavy (106) 
WolfsiKad No. a <9A) 

Zerolene Aer<^2 (9S) 


Winicr (iraric 

(iarisoylr Mohiini] RU (75) 
Hyvis Special Heaw (85) 
Kendall F (87) 

Marvdubc Special Heavy (75) 
Painz(Hl Extra Heavy iK5) 
Staiwdimi SihhtIu (80-85) 
Vee<lnl Spifiiil Heavy (74) 
Warroi A H C 
Zcrolnie Aef^^l (80) 


Numerous enjtinc operators have shown an inclination to use a heavier 
summer oil than the itrade recoinmen<le<] by the Wright Aeronautical C(»r- 
poration. This practice has met with success durinjj warm weather and is 
])crmi8»il)le if desired. The followinu brand.s of oil have been iise<l with 
satisfaction. 

Kendall J (125) 

MaKUtdiiic (135-130) 

Pennzoil Drnihk* F.xtra TTc:ivy (115) 

^ilaiHjliml Aero (125) 

Valvidinc Extra Heavy Si>eeiat (122) 

Vecdol Liberty Aem No. 4 (116) 


When a heated ban par is always available, or some method of preheat- 
ingthe oil is employed, it is passible U> use an oil of summer ^rade during 
the winter time if desired but this practice is not recommended. Better 
satisfaction will be obtained w ith one of the winter ip’ade oils listed above. 
The oils listed for warm weather should not be used during cold weather 
under any condition. In all the tables given above tlie oils arc listed in 
alphabetical order and not in order of merit as g<»od results are obtained 
with all of them. The Rgurcs in parentheses are the viscosities at 210 
degrees Fahrenheit. 

Unpacking and Cleaning Cyclone Engine.—Wright Cyclone engines arc 
shippc<l from the factory in a scaled i>acking box w ith the following outside 
dimensions: 

Height . 49in- 

WWlth .58 in. 

Length .61 in. 

T)i* 4 )lacemcnt .100 cu. ft. 

The shipping weight of the engine an<] box is approximately 1,530 
pounds. 

The following procedure shnulc] be adhered to in uii]>ack*ing and cleaning 
a Wright Cyclone engine: 

1. Break the seals found under the metal protecting ])lates at the bottom 
of the box. 

2. Remove the nuts on the four holts found directly under the handles 
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and lift the cover ofi by the bandies. 

3. Remove the oil cloth from the cnj'ine. 

4. Remove the sparkplui^s or dummy plugs and turn the engine i)vcr 
ten or twelve times to expel the oil from the cylinders. 

5. Replace the 5park]ilugs. If they were in place in the engine when 
it wa.s received, wash them in gasoline before replacing. 

6. Wash the jiaclctng grease off the engine u^^lng a gasoline spray. A 
clean paint brush and a bucket of gasoline will serve the same pur¬ 
pose if a .s]>ray outfit is not available. 

7. Screw a pair of hensting eyes WA-236 into the two holes provided in 
the crankca.se on either side of No. 1 cylimlcr and prepare to lift the 
engine with a chain hoist and ro|K:. It is very desirable to put a 
spreader lietwecn the tw*o ropes to kee]) them clear of the No. 1 cyl¬ 
inder. 

8. Lift the side of the hox base nt the to]» of the engine until the ropes 
are sure to clear the No. 1 cylinder and then raise the engine and base 
to a vertical position with the hoist. Kig another sling betw'een the 
crankshaft and the hoist hook to keep the engine in a vertical position 
when hanging free. 

9. Kemove the nuts from the ten bolts bolding the steel mounting plate 
to the hn.se and remove the base. The inenmting plate can then be 
removed from the engine. 

Engine Mount and Cowling.—As each airplane presents its own problem 
in the way of engine installation, it is impraciicable to give more than a 
generaliy.ecI recommendation. It is the lK:itef of the makers that from the 
stand]H»mt of weight, strength, rigidity, accessihillty and Cost, the tubular 
engine mount structure is the must .satisfactory type dcvelopecl u\> to this 
time. Jn the design of such a numiit it is desirable that the arrangement 
of members be such as to ]iro<luce direct stresses only, that Is. tension or 
compression without bending. The Wright Aeronautical Corjiuration will 
furnish upon request drawings slicrwing engine mount structures of this 
type which have proved satisfactory in service and the reader can study 
various engine mounts presented at the beginning of this chapter for further 
detailed suggestions. 

In designing cowling it should he home in mind that it is practically 
impossible to ovcrcind the cylinder heads amt cylinder barrels. For cold 
weather o[)cration. it Is essential that the crankca.se l>e protected to jirevent 
excessive cooling of the oil. In o|>erating hi hot weather, however, it is 
necessary to circulate air around the crankcase. Inasmuch a.s it is generally 
desirable, from the staiulpidnt of ajqicarance and ]icrformance, to CATry the 
genera] line of cowling above the base of the cylinders, it is necessary to 
introduce the air for cooling the cmnkcase and lower iMirtions of cylinder 
barrels through holes or louvers in the nose c<»wdiiig. In order to take care 
of varying temperature conditions it is advisable Ui provide sonic means 
for varying the size <»(—<»r ci»iiip]ctely closing idf^thesc vculilating holes. 
Provision should aUo be made for the removal of the air after it has passed 
around the cylinders. *Siiciuin louvt*rs in i\w rvnr engine cowling or individual 
troughs behind each cylinder will aecomjdish this purfMise. Olistnictious very 
close behind the cylinders should be avoided as they prevent the free flow of air 
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around the cylinders. In no should tiK dianictcr of the cowling at the center 
line of the cylinders exceed 35 inches. The sketches at Figs. 772 and 773 
show a type of engine cowl w hich incorporates the feature.s described al>ove 
and which has proven successful in various practical applications. 

Fuel and Oil Lme8.^1t is a well known fact that the largest percentage 
of forced landings due to failure of the fHAver unit is caused by failure of 
some part of the *‘pluml)ing*’ system The following recommendations are 
lhcref(»re considered of the utmost itn]>ortance. 

1. All lines should be made of soft seamless hot drawn copper tubing 
of the finest <]uality. 

2. The entire lube should he auucaletl both before and after bending, 
If the bend is unusual 1v severe it is advisable to anneal the tube fre- 
quently during the ojieration. 

3. Hose conncclitms shouhl be of the best <iuaUty. In a properly ma<le 
connection the ends of the tubes are s<|narc and are brought close 
together inside the hose. The tubes should be provided with sub* 
slantial beads about % inch (nmi the ends and all burrs should be 
carefully rem(»vcd. 

4. Hose clami)s should be of the lyi»c which the airplane manufacturer 
believes to be the stn»ngest and most reliable parts available. 

5. Vibration is very often the cait.se of failure of a seemingly well a.s- 
sembled line. All lines should he w'ell braced. 

6. “Air locks" or “gas locks" are caused by the collection of air or fuel 
vapor in the high )»nint of an iini»ro|M?rly constructed line. Avoid 
high poinl.s except at the ends of the lines. 

7. For service in cold weather it is essential that the (»il linc.s be cover’d 
with asbestos lagging. This enables the engine to maintain a higher 
oil temperature and a higher rate of oil circulation. 

Cyclone Lubrication System.—If ]M>ssible. the nil tank should be located 
so the oil level is above the oil pump. This location will eliminate trouble 
in priming. The lines from the tank to the engine should be short with as 
few bends as possible. Copper pi]>e of one inch diameter. annca)e<l after 
bending, and well braced throughout its length to eliminate vibration, is 
recommended. The oil inlet and outlet connections on the engine will be 
found on the left hand side of the rear section behind the mounting ]»ad8. 
They arc fitted with nipjdcs of the pro}>cr size, bca<lcd for hose connections. 
The vent from the oil tank may be pi|>cd back into the engine cronkcasc 
with a l/i inch diameter pij>e entering the crankcase rear section through 
a inch pi|>e tap hole below and to the left of the generator pad. With 
the vent installed in this manner, it is possible to avoid spilling oil from the 
tank during stunt maneuvers. 

' The oibpressure line should be t>f J^-inch copper tubing connecting the 
pressure gunge on the instrument board with the pressure outlet which is 
found at the rear ami bottom of the rear section on the outside of the main 
strainer chamber. This tubing slu>u1<l be annealed after bending ami brace<l 
at fre(juent intervals to eliminate vibration. Ordinarily, it wilt not be neces' 
sary to install an oil cooler on Cyclone engines as the heat given to the oil is 
very small and is easily dissipated from the oil lines and oil tank. Under 
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certain extreme con<\itinns a cooler may he neces^vary'. \\\ which case it 
should be inserted in the discharge line from the engine. Installations pro- 
vi<led with an tal cooler should also include a relief valve and bypass to 
relieve the pressure iu the cender when starling in cidd wcsither. 

Fuel System o( Cyclone En^ne.—As the Standard Army-Navy fuel 
]>ufn|> mount and drive arc provided in the Cyclone engine, there are several 
fuel pumps which can he attached without change. If no fuel pump is sup- 
plied» the carburetor shouM be connected to a gravity tank by a ^-inch line 
i)f copper tubing which has been annealed after bending. This tank should 
have at least a twenty-inch hea<l when the plane is inclined at the angle of 
its stee|>est climb. When a fuel pump is used the pump discharge should 
be connected to the carl>uretor and the discharge from the relief valve 
should be piped back to either the main fuel supply line ur to the gravity 
tank. If a pressure-relief valve is not provided with the pump used, this 
])art must he supplied as a separate unit in the main gasoline feed line, be¬ 
tween the pump and the c«irburctor. 

The fuel lines shouhl be a.s simple as possible and free from vertical 
bends in which air |)ockets ;an form. The lines should he of soft copper 
tubing of at least a -^-iuch msnle diameter. The li>cati(m of the throttle 
lever and the ini.\tiire-ci»ntrul lever are given on the installalion drawing 
at Fig. 787. Jloth levers are J4*itt^h thick and arc drilled lu take a J4-inch 
clevis pin. 

The priming puni]) should be located near the hand crank with the end 
of the plunger exteiKling through the cowling where it will be easily acces¬ 
sible. There should be a shut-otT valve in the tine near the primer an<( this 
should be provided w*ith a right angled handle which in the position 

will extend acros.s the primer handle. 1'his indicates in a clear and forceful 
manner whether the valve is on or off. The primer fuel supply is drawn 
from the main fuel line through the reducing tee supplied and the primer 
discharge is connected to the .supercharger diffuser chamber at the base of 
the No. I cylinder intake pipe. All lines arc of }i-inch brass or copper 
tubing. Leakage through the primer Ls apt to I1o(k1 the lower cylinders 
with raw gasoline and result in serious damage to the engine. The danger 
of primer leakage can be minimixed by the installation and use of the valve 
described. 

Carburetor Air Heater.—The carburetor air heater is attached to the 
carburetor with the air-inlet opening.s facing toward the rear. The exhau.st 
connection should l>e attached to the exhaust ]M)rt of the No. 5 cylinder. 
When these connections are installed, it is essential that the flexible tubing 
should be twisted u]> until tight in order to avoid leaks which may eventu¬ 
ally result in burned out tubing. In assembling on the engine, clamp one 
end of each tube and turn on the other end m a counter-clockwise direction 
until the tube is coiled up tight. Then tighten up the second clamp. It is 
possible to interconnect the throttle and the heater controls in such a way 
as to provide heat at part throttle and atmospheric temperature at full throt¬ 
tle. This connection may lead to considerable complication, however, and 
is not recommended. The heater should be contndled by a separate lever 
in the pilot s cockpit. An adjustment is rarely necessary and is easily ac* 
cnin])1ished by manipulating the sc)>arate lever. 
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Magneto Wiring.—I'he top connection?^ ‘T** of the magnetos should he 
connected with insulated ignition wire, to the ^toints on the grounding 
switch marked ‘*k Mag/* and ''L Mag.** The \>oix\i marked *'Grd** on the 
switch shmild l>c coniiectc<l to the engine crankcase. These wires should 
all be clipped at suitable iH»ints to prevent them (rum chafing on the engine 
or engine mount. This precaution i.s most inijH>rtant. as the proper func¬ 
tioning of the engine de|>cnd$ on the contacts made through these wires. 
On these contacts is also dei>endent the safety of the ground force working 
about the engine in the 1)etief that the magnetos are truly grounded when 



Fir. 768.—InstaUition of Wright “Cj^clone" R-1750 Engine in Navy XPN12 Flying 
Boat, which Mounts Two of the Engines Between the Win^s, One Each Side of the 

Hull 

the switch is in the position. If an inertia or electric starter is used, 
a booster magneto is not essential; but it may he of considerable aid in 
cold weather. The booster magneto can be mounted in the cockpit, in 
which case the high-tension lead should he connected to the terminal “H*' 
on the top of either magneto. The ground wire from the booster magneto 
should be connected to the terminal marked '‘Start** on the switch. If the 
booster is used from the ground, the high-tension lead should be inserted 
in the terminal marked “H * on one of the running magnetos and the body 
of the booster magneto should be grounded on the engine. In this case, the 
connection can be pulled out as soon as the engine starts and the magneto 
kept on the ground. i 

Miscellaneous Connections.—The spark-advance levers on the magneto 
are connected by rods, ball joints, and levers to a cross shaft running 
through the rear part of the crankcase. The right-hand end of this shaft 
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is provided with a lever to which the control rod is to be attached. The 
movement of this lever is 56 degrees, the radius is inches, and the hole 
in the end is drilled for a ^Q«inch pin. 

The two tachometer*drive connections will be found on the oil pump 
cover on the left-hand side of the rear section. These arc of the U. S. Air 
Corps standard form with yi inch*18 thread. They rotate at ^ crankshaft 
speed and, as viewed from the open end, in a counter-clockwise direction. 

Any one of several types of starters can he supplied with Cyclone en¬ 
gines, as desired by the customer. On all starters a hand crank is required 
which hts over a shaft and drives through a pin. In most cases, the hand 
crank is supplied with the starter, but it may be necessary to change its 
length to suit various installationSi An outside bearing in line with the 
starter shaft will be neccs.sary. This bearing should he rigid and have suf¬ 
ficient clearance to allow for a slight misalignment of the hand crank and 
starter shaft. With the inertia starters, a push-pull control is necessary to 
operate the engaging dog. This control can he led to the pilot’s seat or 
brought out near the crank. When the engine fails to start, it is sometimes 
necessary to push the control in order to disengage the clutch. To do this, 
a rod mechanism is essential. The same installation is required with the 
worm type of starter. 

The propeller blade angles should be set to allow the engine to turn 
»t approximately rated speed at full throttle, when the ship is in level 
flight. Other speeds arc undesirable for several reasons. Low speed holds 
down the |>ower of the engine, causes excessive torque vibration, and 
increases the tendency to detonate. High speed subjects the engine to 
strains which will shorten its life. The installation of a Standard Steel 
propeller is shown at Fig. 788. this being a three blade type fitted to a 
Cyclone engine. The engine mounting shown is that used in the Navy 
XPN12 flying boat. A more complete consideration of propeller installa¬ 
tion will be found in the following chapter. 


QUESTIONS FOR REVIEW 

1. Niinic ty|H> f»f air'CiMilcd nimne nioutilhitfs. 

2. Which is easier, nose or wing installation and why? 

3. What arc imiicipal requirements of engine timuiit? 

4. Haw is exhaust tfas disposed of? 

5. Describe methods of cowling air-cooled engines. 

6. What is thr N.A.C.A. cowling and what arc its advantages? 

7. Outline steps in uncrating Wright J5 engine. 

S. What should he done preliminary to starting J 5 engtue? 

9. Detail method of starting JS engine. 

10. What is the ground test of the engine? 
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INSTRUMENTS-^PROPELLERS—REDUCTION GEARS— 

ENGINE STARTERS 

Aircraft Inatnunent^Engine Initnunenta—Airplane Control Aida^Airplane Navi* 
fidon Aids-^peda) Airship Iivstniments-^Whit Airplane Instruments 
Tfptul Instrument Board^Airplane Propulsion Methods—Cycloidal Propulsion 
—Propeller Development—Propeller Definitioni—New British Variable Pitch 
Propeller—Screw Overlap in Multi-Engine Type^Monoid Propellers—Propeller 
Hub^Fitting New Hub to Shaft—Deugn and Construction of Metal Propellers 
—Reed Metal Propeller ^Manufacture and Teats of Reed Propellers—Standard 
Steel Propellere—Propellers More Efficient at Low Speeds—Airplane Propeller 
Drive Gears—Rolls-Royce Gear-Lorraine Planetary Gear—Self-stirteri for 
Aviation Engines—Engine Starting Methods—U. S. Navy Practice—Electric 
Starters—The Wright Hand Starter—Eclipse Aviation Engine Starters—BMW 
Hind Starting Gear-The Fiat Air Starter—Early Air Starting System—The 
Heywood Inaction Air Starter-Eclipse Hand and Electric Inertia Starter Series 
VIl—Eclipse Electric SUrter«12 Volt—The Bristol Gat Starter—Eclipse Series 
6 Starter—Operation of Eclipse Series S Starter—Msintensnee—Clutch Setting- 
Determination of Clutch Value. 

Aircraft Instruments.—An airplane nr airship, has a wide variety of in- 
strunients. sonic of which are merely modifications of devices previously 
used on automobiles and ships aii<l a number that have been (levised espe* 
daily to meet the peculiar operating cotHlitions found only in aircraft. For 
example, the tachometer that rcc«jrd.<> the en^ne speed is a modification of 
the automobile speedometer, oil and prc.ssurc {^atij^es are similar to like 
instruments in automobiles. The mag^nettc compass is a modified form of 
ship's compass. Then we have that class of special instruments such as 
Bank and Turn indicators, earth induction com])as5, rate of climb indicator 
and air speed indicator that have been developed only for aircraft use. 

It is not possible, in a book of this general character to devote the space 
that would be neccs.sary to describe completely the instruments, recorders 
and other devices that have been devcIoi>cd and found necessary in the 
operation and maintenance of military and commercial aircraft as a proper 
and adequate consideration of this subject demands a volume of its own. 
The design and correct a])pIication of instruments is \vork on which a per¬ 
son might specialize for a lifetime without exhausting ils possibilities. The 
reader is referred to the treatise Modem Aircraft, a companion volume to 
this one and issued by the same publishers for a complete outline of aircraft 
instruments. Instruments, in the opinion of the writer may be classified 
as follows: 

(a) Engine Instalments: Switch. Ammeter (Battery System), Tachom¬ 
eter, Thermometers. Fuel and Oil Level Gauges. Fuel ami Oil Consumption 
Gauges, Engine Gauges, Air Pressure and Oil Pressure Gauges, Super¬ 
charger Indicators. 
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(b) Airplane Control AkU: Bank and Turn Indicator. Rate of Climb 
Indicator. Pitching Indicator. Air Speed Indicators. Altimeters. Anti-Stall 
Deviceh, Gyroscopic Control. 

(c) Airplane Navig;alion Aids: Altimeter. Magnetic Compass. Earth 
Induction turn pass. Gocra Sun ('onipuss. Sextanl.s, Clock. Air Distance 
Recorder. Drift Indicator, Radio Directional ('onij^ass. 

(d) Special Airship Insirumcnls: Mamimeters. Gas IVessiire Alarm, 
Gas Leak Indicators^ Gas Temperature Indicators. Statnscopes. 

From the foregoing it will be evident that no attempt has been made to 
classify instruments having to do with military activities or radio com- 
inunicatiems. A fully et[uipped military* airplane for reconnaissance or 
bonibiiiic is really a dyinj^ laboratory and arsenal because in addition to the 



Fig. 789.—'View from Pilot's Seat in the Curtiss Robin Cabin Monoplane. Showing 

Excellent Viaion and Neat Instrument Board Installation. 

I 

instruments enumerated it carries armament, radio, camera, bomb dropping 
and sighting apparatuH and other items not used in commercial aircraft for 
general applications. If operated at high altitudes, oxygen regulating and 
supply devices are nece.ssary. 

The number nf ifistniments used varies with the type of airplane. Some 
of the smaller commercial types of airplanes have obtained good results 
with a few good instruments. The illustration at Fig. 789 is a view from 
the pilot's seat of the Curtiss Robin cabin plane and shows the excellent 
vision aHorded the as well as the neat instrument hoard installation. 
In addition to the indirect lighted panel made by the Consolidated Instni- 
ment Company of Amertcu. Inc., which groups an oil pressure gauge, a 
thermometer, tachometer and altimeter: a magnetic compass is mounted 
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above the front window and an air speed indicator is placed above the panel. 
At each side of the panel, levers to control the choke and radiator shutters 
are placed. Below the panel at the right is a handle controlling the gasoline 
feed while the magneto switch is placed at the left. An enlarged view of 
the indirect lighted instrument ]>anel. which is used by a large number of 
commercial airplane manufacturers is shown at Fig. 790, The instruments 
used on a ‘‘sport" plane are few in number as shown at Fig. 790 A. The 
instrument board of the Keystone Pathfinder is shown at Fig. 790 B and is 
considerably more complete than the e<|uipmcnt of a small ship. 

The airplane is different from the motor car in that it is operated for 
the most part at the present time on uncharted airways whenever it de¬ 
parts from the few established airways that have been lighted and charted 
by the United States Air Mail or Army Air Service or that have been es¬ 
tablished by the Department of Commerce. For this reason large aircraft 



Fig. 790.»Cpnsoljdated Indirect Lighted Ptnel, Type A Groups AJtiineter. Ta¬ 
chometer and Temperature and Oil Preteure Gaugee for Neat and Easy Inatallation. 

making long trips must have all of the instruments that are needed in 
Marine Navigation. As so much depends on the engine, or engines, as the 
CAse may be, the airplane pilot must have a series of indicating instruments 
^hat will show how the powerplant and its auxiliaries are functioning and 
all airplanes, even the smallest, should have at least a tachometer, thermom¬ 
eter and oil pressure gauge. A ship is navigated, when out of sight of 
landmarks by compass and sextant observations, but in addition to these, 
the navigator of an aircraft must also have instruments showing his direc¬ 
tion and speed of travel vertically as well as horizontally. The pilot may 
be operating his airplane in a heavy fog, or in the clouds where he can not 
always place reliance upon his senses so various instruments must be pro¬ 
vided by which he can be aided in controlling his airp^ne. The instruments 
used by Lindbergh on his New York to Paris flight are shown at Fig. 791. 

What Airplane Instrtunents Do.^The air speed indicator corresponds 
to the speedometer of an automobile and gives an indication of the speed 
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the airplane is making, which taken in conjunction with the clock will make 
it possible to determine the distance covered at a flight. The altimeter» 
which is an aneroid barometer, outlines with fair accuracy the height above 
the ground at which a plane is flying. These instruments are furnished to 
enable the aviator to navigate the airplane when in the air, and if the ma¬ 
chine is to be used for cross-country flying, they must be supplemented by 
a compass and a drift set. It will be evident that these are purely navigat¬ 
ing instruments and only indicate the motor condition in an in¬ 
direct manner. The best way of keeping track of the motor action U to 
watch the tachometer or revolution counter which is driven from the engine 
by a flexible shaft. This indicates directly the number of revolutions the 
engine is making per minute and. of course, any slowing up of the engine 
in normal flights indicates that something is not functioning as it should. 



Pig. 790A.—Instnixnenti Used on Light DHggc Dart Sport Plane Include Those 

Absolutely Neceatary for PUght 


The tachometer operates on the same principle as the speed indicating de¬ 
vice or speedometer used in automobiles except that the dial Is calibrated 
to show revolutkms per minute instead of miles per hour. At a point con¬ 
venient to the pilot the spark advance and throttle control levers are placed. 
These, of course, regulate the motor speed just as they do in an automobile, 
and a typical installation is shown in the early part of the chapter at Fig. 
764, where they are mounted on the side of the fuselage adjacent to the 
pilot's seat. In dual control double cockpit machines, two sets of instru¬ 
ments and engine controls are usually installed, though on large air liners 
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where the regular and rcliei pilots sit side )>y side, one set of instruments 
will suffice and the motor control levers arc usually placed between but 
forward of the seats so they can be manipulated by either pilot. 

Typical Instrument Boards,—The instrument boards shown at Fig. 792 
are tho.se of Fokker Universal monoplanes used by the Colonial Airways, 
Inc., these having practically the same instruments. The up|)cr panel has 
magneto switch, tachometer, thermometer, oil pressure gauge, air speed 
indicator, turn and l>ank indicator, earth inductor compass indicator, altim¬ 
eter, clock, comi>ass controller, landing light switches, navigation light 



Pig. 790B,—Inttruinentt and Control of Keystone Patrician Bi Motor Air Liner. 


switch and lights and rheostat for same. The panel shown below it has a 
different type of tachometer incorporating rccnr<ling and indicating 
mechanism. In addition to the instruments shown on the ui>|>cr panel, the 
lower one carries a flare testing and firing unit and a primer to facilitate 
engine starting. Combination instruments have been devised in which the 
various engine temperature and pressure recording gauges arc combined 
in one panel to facilitate installation. This type of ^uge replaces three 
separate round dial instruments and occupies,a minimum of instrument 
board area. With a vertical dial tach<imeler this instrument forms a com¬ 
plete powerplant unit. The engine gauge is shown at Fig. 79^ A ant! the 
internal con .si met ion is shown in the si<le view at Fig. T^M. Another useful 
instrument is the distance type fuel level indicati»r sViown at Fig. 793 H. 
The cut at Fig. 793 C shows the installation of the fuel gauge. 

The Pioneer Engine Gauge Unit Is mounted in the instrument board in 
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Pig. 79l.^The Instrument Boerd of Lindbergh's Rysn Plane, '"The S^rit of St. 

Louis," on Hie Epochal New York to Paris Plight. 
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the same way as any other vertical scale instrument. Pressure elements 
arc fitted with inch by twenty thread male connections. Run the fuel 
and oil pressure tubes from the proper places on the fuel line and engine to 
the hack of the gfatin;e. avoidini^ sharp bends and fastening securely at short 
intervals to prevent vibration. Slip a union nut over each tube and solder 
connection nipples to the tube ends. Nuts and ni])ple9 arc standard tube 



Pi^. 7dS.—Pioti*«r Bnaio* G«bb« at A Combtaat Preuure and Temperature Indi* 
cators. B^Dutance Type Fuel Z#evel Indicator. C^How Fuel Indicator is Installed. 

fittings and are not furnished with the Unit unless specially ordered. Clean 
and oil threads on the gauge connections. Tighten union nut until nipple 
seats properly to make a tight joint. Avoid excessive strain on the instru* 
ment. The bulb on the end of the thermometer tubing is fastened in the 
radiator or at any other point in the water or oil system where it is desired 
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to measure the temperature. The bulb is held in place by a clamp nut 
^ inch diameter hy eighteen threads per inch which is screwed into a simi¬ 
larly tap])ed bole. Extreme care should l>e taken in handling: the thermom¬ 
eter bulb and luhini;. lie careful not to dent the thermometer bulb or bend 
the thermometer tubini' too sharply. If the tube is too lonj^. it may be 
coiled without afTectin^ the accuracy of the instrument* but the coil must 
be carefully secured to prevent vibration from loosening: the joints at the 
bulb or at the instrument. 
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pig. 7a4.~Side View of Pioneer Engine Gauge with Covers Removed to Show Method 
of Combining Pressure and Temperature Indicating Instruments for Compact 

InitsUstion. 

Airplane Propulsion Methods.—^There are a number of ways proposed 
to obtain power in the form of thrust for aircraft propulsion, that commonly 
used being an adaptation of the screw propeller so generally utilized for 
ship propulsion, the length of the blades and their width being much greater 
than marine screws to compensate for the lessened density of the medium 
in which the airplane propeller must work. The characteristics of the en¬ 
gines used as well as the proportions of the aircraft and speed.s they arc 
to attain determine the diameter and pitch of the propeller. The reader 
who is not familiar with propeller nomenclature or action is referred to a 
very comprehensive chapter on the elementary theory of the screw propel¬ 
ler in Modem Aircraft, which is a companion volume to this treatise and 
issued by the same publishers. 

Reaction propulsion by means of rockets has been experimented with 
in Germany, this system doing away with engines altogether and in its 
theoretical conception promising great speed even in rarer atmosphere 
where the screw propeller could not he used at all. The idea of exploding 
charges of eombustihle element, such as gas or gun jiuwder in a cylinder 
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and dependinp^ upon the pressure of the issuing; pas stream to push a plane 
through the air is not a new one. Practical consuleration .shows that there 
art* many factors to he overco»ne before nickel or reaction propulsion can 
become a reality in aircraft thou^rji c\|>crinicnts made with ant<miohilcs 
have shown that great ener^'v i.s 1iherntc<l by rockets and that the reaction 
is able to projicl racing cars at high speed. 

The success that glider enthusiasts have ha*! with their light, motorlcss 
craft has caused other inventors to envision trains of aircraft in which a 
towing airplane would pull numerous glider lyjjcs through the air just as 
a locomotive now pulls a train of cars. Of course, there are many practical 
flifficulties of controlling such a train that hocomc a]i])areut upon considera- 
tu>n. It is not likely that the screw pfo|»elKT will Ik* sujjcrsedcd hy other 
means for a long time to come, and no belter method <if transforming the 
turning effort or torque developed at the cranksh.aft of the engine to the 
push or pull re<|uired to move aircraft through the air ha.s been t)rc>iHjRe<l 
that seems cat>al>le of such direct and simple a]»plication as the aerial screw. 
Various arrangement.s of pa<ldle wheels an cl wings which arc lo give 
combined sup|K>rting and proimlsive thrusts have been patented by opti¬ 
mistic inventors to move dirigibles aiul planes through the air and even 
rapidly vibrating membranes and large pulsating diajiliragms actuated by 
the engine have been projiosed by others. ( Hbcr systems call for mounting 
one or more turbine type air blowers at the m>»iith of a long tunnel to 
draw m a stream of air and force it through the tube to the rear of the 
craft and then depend on the reaction of the issuing air stream to force the 
airship forward, hut this can be considered the equivalent, mechanically, 
at least, of the air propeller, which is a blower of the fan type instead of 
the enclosed rotor or centrifugal **sqtiirrel cage** tyi)e. 

Cycloidal Propulsion.—A new metIuKi of aerial propulsion, apj»licahlc 
to both lighter-than-air and honvier-than-.air machines, ha.s been described 
by Frederick Kurt Kirsten, Professor of Aer<»naulical Engineering at the 
University of Washington, and was re|Miricd in . hfff/nto/ftr /uf/tfs/nW. It 
is known as cycloidal ]>ropulsion. As api>lied to a licavicr-lhan-air machine 
it consists in the use of two propeller wheel.s, one vti each side of the fuse¬ 
lage. at about the same points where the wings are usually located, these 
propeller wheels performing the functions of lu^th the wings and Ibe j)ro- 
peller of an onlinary air])lanc. Each prcqjcller wheel has a number of 
blades, mounted on the spoked wheel in such a way that they can rotate 
around their own axis. By means of gearing, the propeller wheel is rotated 
anmnd its axis, and each of the propeller wheel blades is rotated aroumi its own 
axis at one-half the speed of wheel rotation. Thus, if the blade bad a radial 
position when at the tup of the wheel, it would have a tangential position 
when at the bottom of the wheel and in the top po.^sition it would produce 
a propelling effort while in the bottom position it would produce very little 
drag. As a matter of fact, the blade gearing is so adjusted that the blades 
come into the radial—the most effective—position shortly after having 
passed through the top position, so that both a profielling and a lifting 
effort is producc<l. These two components of the propeller force should, 
of course, be proportional to the drift and lift, respectively. A comprehen¬ 
sive test of cycloidal propulsion was conducted for the Bureau of Aero¬ 
nautics of the U. .S. Navy. It is hoped that the test report to the bureau 
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will be published in the near future by the ( jigineering Ex|)enmcnt Station 
of the University of Washinijton. As shown in diagram at Fig. 79S» it 
will be ap]>arent that such mechanism involves more moving parts and will 
weigh considerably more than the conventional propulsive medium so its 
practical application seems rather doubtful to the writer as even if its 
efficiency is high, the mechanical complication will prove a drawback. 

Propeller Development.-^'rhis history of the development of the air¬ 
plane propeller is soon tohl. in 1909 the propellers used by the Wright 
lirothcrs were of w(M)d with wide paddle-like tips. The thrust loads were 
probably less tlian 100 pounds on each blade. In 1910 the favorite propeller 
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abroad was lhal used on the Voi.siu and .Aiitoinedc nia<lr with two steel 
.stems e.Ktending each way from ihe hub. to which stems sheets of metal 
were riveted so the idadr was like a willow leaf. These metal sheets were 
concave on the driving faces. The loads on these blades were about SO 
pounds. Farman also used a similar propeller in 1910. In 1912 we find 
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the laminated wood propeller coming in and entirely displacing: all other 
types. No material change then occurred for ten years, even through the 
Great War. when the slightest improvement in performance would have 
been of value beyond estimate. 

It is proper, however, to mention that in 1913 the Garuda wooden pro- 
peller came into notice and had a considerable elTect upon design methods. 
This propeller had a forward rake of the blades, which by balancing against 
centrifugal force relieved the bending stresses at the blade roots and made 
it possible to reduce some of the bulk with safety. It was always realized 
that metal would be suf)erior to wckkI. but except for experimental types 
no metal propellers came actually into service until 15)22, when the Leittner- 
Watl.s hollow steel blade pro|x:llcr Iwgan to \k used in I%ng]and, and in March, 
1922, the U. S. Navy ordered six Heed duralumin propellers for Vought 
£7 Hispano service planes, and in 1923 the U. S. Army received for service 
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a number of detachable duralumin blade proftcUers. It was evident that 
an entirely novel lyi)c of pnspeller had appeared, viz., the thin solid blade 
of forged hcat-trcalcd aluminiitu alK)y. This is now fully recognized by the 
aircraft world as the first substantial advance in propellers since 1912. 

Propeller Definitions.—Before considering the constructional features 
of propellers used for the propulsion of aerial craft, it will be well to give 
some brief definitions. A right-hand propeller is one that when viewed 
from the rear, turns with the hands of a watch when driving the machine 
to which it is fitted ahead. Under similar circum.stances a left-hand pro¬ 
peller turns against the hands of a watch to produce forward movement. 
If a right-hand propeller is turned toward the left, the effect will be to pro¬ 
duce a reverse movement of the object to which it is applied. The “face” 
of a blade is the practically straight back surface, that which drives the 
fluid back while the screw is going ahead. The “back” of the blade is the 
side opposite the face, and care must he taken to avoid confusion of terms, 
from the fact that the “face” of a blade is aft and the “back” forward. The 
back of the blade is usually a cambered suKace. 

“The leading edge” of a blade is the e<lge which cuts the fluid first when 
the screw ts turning ahead, while the “following e<lge” is opposite the lead¬ 
ing edge. The “leading edge” is usually curved more than the “following 
edge.” The “diameter” of a screw is the diameter of the circle described 
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by the tips of the blades. In symmetrical two- and four-bladed screws 
it is simply the distance from the “tip** or outermost ])art of one blade to 
that of the opposite member. The “pitch’* at a jjivcn point of the face is 
the distance from the axis of the shaft which an elementary area of the face 
at the point* if attached by a rigid rAcUiis to the axis, woubl move during 
one revolution, if working in a solid fixed mit or nourcsilient medium. 
The pitch may be different at every jmint of the face. If it is the same at 
all points we say that the pitch is “uniform.** If the pitch is greater along 
the follow'ing than the leading edge, it is said that the pitch “increases 
axially,'* and if it grows greater as we leave the center we say the pitch 
“increases radially.** 

The “area** or “dcveloi>ed area** of a blade is the surface of its face, and 
the “blade area*' of a screw, sometimes called its “heticoidal area," is the 
amount of face surface of all its blades. The “disc area" of a ]>ropeUer is 
the area of a circle described by the tips of its blades. The “boss** of a 
screw is the cylindrical center to which the blades are attached, and the 
“hub** is the metal clamp by which it is attached to the revolving driving 
shaft When a propeller i.s wc»rWing with “slip** it advance.s during each 
revolution a dist«nnce le.ss than the pitch, the difference between its actual 
advance and the pitch indicates the amount of .slip. The “speed** of the 
screw is the distance it w(»utd advance in a unit of lime, suppo.sing it to 
be working in a solid nut. This is obviously e<jua1 to the pitch of the screw 
multiplied by the number of revolutions per unit of time. If the screw 
is held so that it can move only in a rotary direction as In the case when 
the propeller is turning but the airplane is held by “chock blocks’* under 
the wheels, the column of fluid it sets in motion will only move. If the 
screw is o]>erating in an immovable medium, tbe screw will move in a 
direction parallel to its longitudinal axi.s. as screw ing a bolt into a piece of 
iron. If both screw and fluid are free to move, the degree of movement will 
depend upon the "'slip** between the screw and the medium In which it 
works. For a more complete discussion on propellers, both elementary 
and practical, their care and methods of tnanuPicture, the reader is referred 
to Modern Aircraft, a companion volume to this treatise and published by 
the same publishers. 

Propellers are made in two*, three- and four-blade types, the former 
being the most popular. A two-bladc is the most desirable as it is the 
easiest to build and balance and the most efficient at high speeds. In order 
to hold down or utilize the full power of a large engine, it is sometimes 
necessary to use a three- or four-hla<le type because a two-biade form, 
suitable to absorb the power, w'ould need excessive pitch or diameter. Pro¬ 
peller blades have been made of natural materials as wood or metal and 
synthetic materials, such as Pakelitc or Micarta. As. shown at Fig. 
796, the section of the blade varies at different points from the hub or boss 
to the tip, these sections usually having the same properties as aerofoil 
sections from which they are taken. The empirical rule that is followed 
usually in designing either wood or metal propellers hav ing two blades for 
use in the air is as tollows: The diameter should be as large as possible 
compatible with the limits of design; the blade area should he from ten to 
fifteen per cent that of the area swept; the pitch should be approximately 
four-fifths the diameter, and the speed of rotation should be moderate. As 
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the speetl of rolalUm is incrcaKe<l. Die (hunictcr nntsl he reiUiced. Maximimi 
thrust effort will he <»hlaincil with larj^c <liumeter an<! low s]>eefl. Airplane 
propellers were formerly invanahly ma<lc of woorl hccau>c this malcnal is 
the one that has the {greatest slren^h in pro)>urtion to its weii^ht aiul has 
been found to he the best adaj>te<l when constant ehaiiixes arc necessary 
as In experinienlal work*. Onnninnly used wouds in American manufactur¬ 
ing practice arc Honduras mahogany, lurch mid white oak. S|iruce, maple, 
cherry, ash and ])oplar arc .sometinics use<l. Isnyhsh jiracticc favors ma¬ 
hogany and black walnut. A laminated blank has much greater strength 
than a solid piece would have owing U) the method of so arranging the 
wood laminations that the grain of one crosses that of neighboring ones and 
also because woods of diiTcrent weight an<l strength can he use<l in the 
same propeller. These layers are glued together under jirossure U> form a 
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blank which is afterwards fashioned by hand tools or machinery to form 
the finished member. 

The fixed blade propeller is the form, cither of wood or metal, in which 
the blades always hear a fixed anftular relation to the boss and are per¬ 
manently attached to it. The pilch of such a propeller, unless warped or 
chang'ed by accidental causes, always remains at the point determined when 
it was manufac(ure<l. The usual wchmI propeller or a Curtiss-Reed dural 
screw are ''fixed*' blade types. The adjustable pitch j)ropcUer is one in 
which the ))lades arc manufactured se]»arately from the boss or hub and 
arc secured to it by such mechanical means as will permit the angle being 
changed by changing the relatiims of the blade to the huh. Some new 
ntelal screws such as the .^tandar<l Steel and Westinglvmsc Mi carta blade pro¬ 
pellers have been devised folkiwing this construction which is a great 
nrivuiitage in experimental work. 

All adjustable blade propellers are variable pitch propellers but this 
term is usually applied to those types in which Idade position may be 
changed by inecbnnical moans wdiile the aircraft is in flight, whereas the 
or<linary '‘adjustable*’ blade is ii<n di.sturbed excc]>t for replacement or re- 
l»air once the best setting has been found ‘'Variable twitch** propellers may 
be changed w'hile the screw Is tin tier power by suitable mechanism operated 
by the pilot, "adjustable" blade propellers must be siojtped to alter blade 
position an<l .such ailjuslmcnts can only be made with the plane on the 
gronnd- 

A ))ropeller having a variable pitch controlled by the pilot while in 
flight has the advantage of jvennitting thrii.<t and resistance to be closely 
matched. F<»r example. 111 altitude flying, the air Is less dense and a greater 
pitch would be ncodc<l than when near the ground. They are heavier than 
fixc<] pitch bl.'uk's and as they have c(Misi<lerahle o|K*ra(ing mcchani.sm, this is a{>t 
to get out of order and ll adds to the weight of the airplane. A reversible 
propeller is a form in which the jxj.sition of the blades may be entirely re¬ 
versed by internal ineclianism so the engine direction of rotation need not 
be changed to secure a propulsive force or a tractive force. They have re¬ 
ceived some application in marine service but manufacturing difficulties 
prevent their jiractical applicatiem in aircraft though they have been used 
experimentally in InUh airfdaiic.s and dirigibles. In dirigible balloons rever¬ 
sible ])ro|Killers would jHTniit of lx‘tler maneuvering and would make quicker 
turns possible a.s well as exerting a braking efiort w'hen landing, while in 
an airplane, it is believed that reversing the propeller W'Ould act as an air 
brake when landing, though what w'oiild happen if the control wa.i inad¬ 
vertently operated while the airplane was in flight is a matter of conjecture. 
Dirigible balloons can fly backward to a limited extent but an airplane is 
built to fly in <m)y one dtreetkin and that is nose first. 

New British Variable Pitch Propeller.—A new variable pitch propeller 
for aiqdanes w*as described in a paper presented to the Royal Aeronautical 
Society of Great Hrilain. the authors of the paper. Dr. H. S. Hcle-Shaw 
and T. E. Beacham, being the inventors of the device. The propeller has 
been developed to a*practical state by the Gloster Aircraft Co., and fitted 
to a number of different models of plane. The first design to be actually 
applied in practice was that for the Jupiter engine. The pitch of the blades 
in the propeller is varied by means of a double-acting hydraulic piston 
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oper&Ud by the oil pressure from a variable stroke pump driven by the 
en^ne. The stroke of the pumps is in turn controlled by a governor, also 
driven by the engine, so that whatever the air conditions may be, the pitch 
of the propeller sets itself so as to keep the engine running at a constant 
predetermined speed. 

Although the apparatus is automatic, the speed at which the governor 
operates can be altered by the pilot within certain limits by means of a small 
control lever. In other words, the pilot has it within his power to speed up 
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VARIABLE PITCH PROPELLER 




the engine and obtain extra power in an emergency, and also, on the other 
hand, to reduce his engine spee<l so that he may cruise at full throttle, this, 
of course, being tlie condition for minimum fuel consumption per brake 
horsepower developed by the engine. The pilot control lever alters the 
force on the governor spring and c<mse«|ueiilly adjusts the speed at which 
the governor operates. 

The principle of operation of the variable pitch propeller is identical 
with that of the hydraulic steering gear with the addition that the control 
is automatic. An important matter insisted ufMm by the Air Ministry is 
provision for any possible failure of the hydraulic system, for instance, if 
in a war machine the ])ipes were shot away. It is claimed that this cundi* 
tion is satisfactorily met in the particular propeller referred to, together 
with the other two vital conditions of light weight and reliability. It may 
be aclde<l that one id these propellers has been 30 hinirs in flight at 
Farnborough—where it is being tested by the Air Ministry officials—with¬ 
out any suggestion of a breakdown. 

In the discussion of the paper (as reported In T/ir Engineer) several 
speakers raised objection to the great weight of the variable pitch propeller 
but the authors made* the statement that this would be reiluced in later 
designs. Mr Lynam. who is in charge of the Propeller Section of the Royal 
Aircraft Establishment, said that a great deal of the gloss was taken off 
the variable pitch propeller pro)>osition by the weight. In many cases that 
annuled the advantages to be gained, and despite the success of the Gloster 
Hele-Shaw-Ileacbam propeller, he was not yet ccmvinced that a very strong 
case could be made out for the variable pitch propeller, in general, for 
hcavier-than-air craft. A g<H>d case, however, could be presented for this 
type of propeller on the airship. It appeared that the variable pitch propel¬ 
ler stood the best chance on geared engines w hen propellers of large pitch 
and diameter ratio and large surface were u.sed. Mr. Lynam's remarks 
may be summarized by saying that unless by using a varialdc pilch propel¬ 
ler—and taking the weight of the propeller into account—we can obtain 
more power from the engine, and unless the additional power is gained 
at the rate of, say, one horsepower for two pounds weight, we should do 
better by putting that weight into the engine and using a fixed propeller. 

One of the things necessary, he said, was a metal for the blades very 
much lighter than was available today. The Gloster propeller for the 
“Jupiter’’ engine weighed about 180 pounds as against 100 pounds for a 
Rxed propeller of the same size with substantially the same blades—solid 
duralumin. An increa.se of 80 per cent in the weight was caused by the 
Introduction of the mechanism for varying the pitch of the blades. He did 
not believe any form of solid construction would ever give light enough 
blades; hollow construction would have to be adopted, at any rate, for such 
large engines as the “Jupiter.** Another means advanced for reducing 
weight was to depart from the practice of attaching the blade rigidly to 
the center. If the blade was hinged to the center, it became very much 
lighter. The hinge yiethod was important and in fact absolutely necessary 
on aircraft of the La Cierva type, where the supporting element is really 
a four-blade propeller cf very large diameter, but some difficulties will be 
present with high speed air screws as stops must he provided to limit the 



1674 


MODERN AVIATION ENGINES 


movement of the blades if they are not rijfidly attached to the huh and any 
form of hinge joint is introtluccd. 

Screw Overlap in Multi-Engine Typet.—In designing multi-engine 
planes especially if metal prot>ellers are used, care must be taken so the 
propellers will ii<Jt overlap. example, in a irinu^tor plane with one 

engine mounted on the fuselage and two carried outboard; one under each 
wing, the outboard motors should be so spaced that the disc area, or blade 
swept area of their screws should be clear of the slipstream resulting from 
the central ijrojjellcr. If there is an overlap, there is an area of disturbed 
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air in which each blade of a side propeller will move during each revolution. 
The air pressure will vary and consequently the variation in thrust from the 
undisturbed air to that of the central propeller slipstream cannot fail to 
produce vibratory stresses in the blades. If wood propellers are used, much 
of this vibration will be absorbed by the material of which the blade is com¬ 
posed. If metal blades are used, the stress will be transmitted along down 
the blade to the point of attachment at the huh, If this is weakened by holes, 
there may be a very .slight movement, that repeated 3,000 times per minute, 
will in time fatigue the stressed metal. Metal propeller failures have always 
taken place at the pinnt where the greatest stress^was not adequately re¬ 
sisted, or in the center portion. 
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When two cnffincs are muimted tandem, the disc area of the rear pro¬ 
peller should he such that it will lie entire!}* within the slipstream of the 
front propeller. In such installations the tractor screw is sometimes of 
lesser pitch and {greater diameter than the pusher screw» which must w'ork 
in disturbed air. Overlapping is not common in twin-motored airplanes 
where each en^ne is carried outboard because the fuselage usually comes 
between the engines. In seaplanes, where the engines are carried above the 
boat hull there is also an apjireciable .space between the power units and the 
disc areas of the screws are .separated by a corrcs|Hindiug space. The air 
.screws of trimotored airplanes that may appear to have an overlap when 
viewed from the front may have no real overlap because the front engine 
may be located far enough for%sard so its slipstream will have necked 
down before the side propellers can intercept it. The amount of this 
diminution in slipstream area may be taken as 80 ])cr cent of the diameter 
at a distance of 50 |>cr cent of the tlianicler or nu»rc back of the propeller. 
The nature of the stresses set np in the after projiellers of an overlapping 
combination are analogou.s to those set up in the after propeller of a tandem 
combination when in the latter case a sufficiently .small diameter to prevent 
the tips from extending outside of the slijistreain is not provided. It has 
been stated that Ibis |HMnt has been taken inlp consideration in designing 
the latest h'ord-Stont triiuotored all metal nu»iii»p]anes and other airplanes 
using three motors and that the wing supported motors are carried out 
far enough so there will l>e n<» conlacl oi (heir blade tips with the slip- 
.stream of the central ami b>rward screw. 

Monoid Propellers.—The Monoid f’rupellcr was developed and perfected 
l)y Sj>encer Heath, whi^se name has been synonymous with airplane propel¬ 
ler development, b'ully ac<|uainted with the shortcomings of the o)<l time 
lumber proj>cllers Mr. Heath started more than three years ago experiment¬ 
ing with moulded, plywtHKl pn»pcllcrs. In Sci>lemt»ei'. 1926, these were 
tried on ships uixlcr actual flying conditions. Since that time. Monoids, 
in the limited cjiiantities that it was jxisstble to priulitce before installation 
of special machinery and other e(|tii]mient. have been used on planes of 
leading aircraft manufacturers. Su successful have been the results with 
this new product and so widesprea<l the interest and inquiries that the 
Paragon Engineers, Inc., arc centering their manufacturing resources on 
the Monoid, alone. The Monoid is c<»nslructcd from a large number of 
very thin layers of woo<l. princiiially birch, m<achine formed and tapered in 
such a manner that when the entire number are as.seniMcd ami inqiregnated 
with water-proof cement, under jjressurc, in a specially prepared mould, 
the resulting product is a completely formed propeller substantially with¬ 
out external carving of any kind. The tapered layers of wood are so laid 
chat the direction of iheir fillers alternate at a considerable angle between 
adjacent layers, thus giving a ccmcnl impregnatccl. intcrlaceil fiber construc¬ 
tion, which besides bolding its shaiu* perfectly, under all conditions, ia 
almost indestructible in the iirdinary sense of that term. While accom¬ 
plishing the.se resuUl^ the weight, including metal sheathing on the leading 
edge of high nickel alloy, is from fifteen per cent to 30 per cent less than 
propellers of ordinary lumber construction. 
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Propeller Hubs.—The engine crankshaft ends of small and medium 
powered engines are usually tapered and the propeller hub to fit has a 
corresponding taper. The drive is taken by one or two substantia] keys 
in the shaft end which fit corresponding keyways in the hub. The hub is 
forced on the taper by a compression nut and a nut lock is always provided. 
The suggested S, A. E. standard for taper .«ihaft ends is shown at Fig. 797. 
In some engines of foreign design, the drive end of the shaft is flanged as 
shown at Fig. 798 and engages the propeller hub directly by means of short 
countersunk head driving bolts as shown. The hub is centered by a flanged 
shoulder which fits a corresponding annulus in the engine shaft flange. 
This method of propeller hub retention is considerably lighter than the 
other and more common system. 



Pig. 7M.»Prop<ller Hub of German Design ii of Light but Strong Construction snd 

Attaches to a Flange on Crankshaft. 

Two practical and widely used forms of propeller hubs arc shown at 
Fig. 799. That at A is the split hub used in connection with Standard 
Steel adjustable and removable blade propellers to be described. It is made 
to fit the standard splincd shaft end and is centered by conical members. 
It is held in place by an externally threaded nut that fits the shaft end 
and is locked in place by a large split pin passing through the huh and the 
lock nut. The construction shown at Fig. 799 B is that used on Napier 
Lion engines. In this case the propeller lock nut is an internally threaded 
member and locked by a sheet metal stamping as shown. The lock nut has 
the centering cone integral and the movable flange is locked in place by a 
separate lock nut. The fixed flange, that forms part of the hub is the one 
nearest the crankcase. The inside of the hub is serrated or provided with 
long teeth or splines to mc.di in the spaces between the splines on the 
engine crankshaft. The wtHxlcn pro|>cller drive is by a series of eight sub¬ 
stantial bolts that draw the hub flanges tightly against the propeller boss. 
In some cases, as in the propeller hub of the Fiat A30 and various other 
engines of both domestic aii<l foreign manufacture, one of the propeller 
hub flanges is marked with timing index marks as shown at Fig. 800. In 
the hub shown, the drive is by interlocking s])lines in the hub and on the 
engine shaft. The fixed end of the propeller hub in the Fiat design is at 
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Plff. 799.—Propelkr Hub ConatnictiQii. A-—Two-Piece Vertically Divided Hub for 
Standard Steel Two-Blade Propeller. B—RemovaUe Flanfe Hub of Napier '*Lion*' 
Bngine ia Typical of Modern Practice When Wood Propellera are Uaad. 


the front, whereas in most other applicatiotis it is at the end of the huh 
nearest the crankcase and the movahle flange is at the front. The reverse 
mountintj^. as shown, means that the hul) must he removed from the engine 
shaft to remove the pn>j)elier and this is good practice in any event because 
some believe the pro|>e1]er assembly should always he balanced before use. 
if a new ])ropel1er is mounted on a hub to re^dace a damaged one. If the 
hub can he left mounted, the temptation is strong to just replace propellers 



Flf> 900.^Propeller Hub Construction Used on Plit Aero Bnfinet Is ■ Simple, Strong 
Type and Has Tlralng Index Marks on One of the PUngee. 
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l)y taking ofT a fnml mounted dange without balancing the assembly. The 
propeller hub is provided with the female seating of the centering cones 
and one of these cones is nioiiiited on and screwed in with the internally 
threadcil locking nut. A slieet steel nut lock is provided to prevent loosen¬ 
ing of ibc aNsenibly. Thu markings for liming make it imperative that the 
propeller hub be replaced on the engine shaft always in the same position 
it occupied before removal. The marking O nuist be matched up, both on 
the engine shaft, the hub ami its reim>vablc Hangc. 



Fig. 601.—S.A.E. Standard Dimenaioaa lor SpUned Bncine Shafts. 


The S. A. E. Standards for splined shaft ends are shown at Fig. 801 and 
for hub interiors at Fig. 802. The No. 1 taper previously shown is for low 
power engines, the No. 2 taper shaft end is for engines similar to the 
Wright “Whirlwind’* and Curtiss C6. though all indications point to the use 
of the splined shaft with centering cones on all except the smallest engines 
of 100 horsepower or less. The threads generally used on the No. 1 taper 
shaft end are -inch-eighteen fexternal) American Standard N. F. or 
*^o-inch—24 (internal) American Standard N. F. T)ie thread in general 
use on No. 2 taper shaft end is l^n-inch—twelve (external) American 
Standard N. F., the abbreviation indicating National Fine pitch. The 
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thread in use at present on the No. 20 shaft end is 2 ^—twelve American 
Standard (NF), pitch diameter 2.070 + 0.000, —0.002. The thread sizes 
in use for shaft No. 30 arc 1^—sixteen internal thread American Standard 
(NF) class 3 on the Fratt & Whitney Wasp engine; 2?^o—twelve external 
thread American Standard (NF) on the engines of the Wright Aeronautical 
Corporatioti; and 2 ^—twelve external thread American Standard (NF), 
pitch diameter 2.320 + 0.000. —^.002, on the Chieftain engines manufac¬ 
tured by the Curtiss Aeroplane & Motor Co. The thread on the No. 40 
shaft end as now generally used is —twelve American Standard (NF). 
with a pitch <liaineter of 2.820+ 0.000. -^.002. The threads on these shaft 
ends arc now under consideration l)y the Aeronautic Division for standard¬ 
ization. 



Fitting New Hub to Shaft.—When filling new hubs, they should he 
“lapped’' to the shaft to secure a pro|>er fit 4>f the tapers. Keinovc the key 
retaining screws and the huh drive key. Use a paste of light oil and valve 
grinding compound. Turn the huh around on the taper, remtwing it fre¬ 
quently and cleaning off <d<l abrasive and supplying new. When a full 
seating is shown, the hub should he further lapjied so it will be about .001 
inch tighter at the large end of the tai>er than at the front end. This is 
done by cleaning off the large end and lubricating it with light machine oil 
and apply the abrasive only to the small end of the taper. Check the 
progress of the work by washing off the <»il and abrasive occasionally and 
by testing the fit with Prussian blue. The final result should Ijc reached 
when the color will spread thin at the large end but remain heavy at the 
small end of the taper. To mount the hub, insert it indioiling water for two 
or three minutes to heat it and expand the bore slightly, then tap it lightly 
in place on the shaft after the key has been put in place and immediately 
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apply the reUming nut and screw it tightly in place. Then apply the lock 
nut by screwing it into the shaft until it bears against the flange <m the 
retaining nut. Apply the lock wire, being sure the tongue is long enough 
to project through both nuts, lie sure then* is a clcar.'ince of at least .010 
inch between the top of the key and the Ixittnni of llie key way in the hub. 
This metluKl inv<»lves removal <if the linb fnnn the j>rof)ellcr, but the 
assembly shouM have been prevhmsiy l^lnnced and the propeller installed 
in the hiil) in the .same ]>ositiun il was before removal. Propellers arc often 
balanced on si«fcial mandrels or arU^rs and this procedure is satisfactory 
in practice because there is very little chance t»f the hub, which i.s machined 
all over. l)cing (Uit of balance aucl the lack of balance is usually due to the 
blades. 

Design and Construction of Metal Propellers.*—'Hie Navy ])c])artiiient 
bureau of Aeronautic.s in Technical N<»tc No. 161 ha.s covered the subject 
of metal propellers in a very thorouRh maimer, 'rhe pajier was prcjaired 
by Lieutenant-C olonel Wluston A. Unstow, a well kmuvn Knglish authority 
on aviatiiui. The fcdhjwing cxcer]>ts will be <*i interest to the stiKlent or 
general reader. 

It may l>e as well to set out sonic i»f the change.^ that have taken place 
in the factors governing |jr<)pelfer design and constniclion during the past 
ten years. *l'he chief appear to he as follows: 

fa) 1'he increase of top speeds from aixmt 400 feel per second to \ehici- 
ties aiJproaching. and even e.xcee<ling. I he .spee<l of sound. 

(b) The difTercncc in the maximum power absorbed per blade which 
has increased from 50 brake horse|>tover to S7$ brake horsepower or more 
coincidentally with a demand ft»r higher factors of safely. 

(c) The advent of the supercharged engine ns a proved and pr<ictical>le 
proposition, and consc<|nciitly the necessity f<»r a projieller (>f variable pilch. 

(d) The demand for inaximnni performance cither as t<i height or 
climb, or a compromise within fine limits, or the necessity for making small 
alterations after trial, thus involving the use of projiellers with adjustable 
blades. 

(e) Aircraft now operate in almost any weather anti arc often required 
to fly through rain i»r hail This factor has exposed the extreme vulncr- 
aliility of the wooden pro|K'ller in this re.spcct. 

ff) Commercial and military aircraft are now stationed for long periods 
in tropical countries. Climatic conditioii.s are all against wood and glue 
and transp<;rl and st()ragc considerations arc greatly simplified Ijy the pro¬ 
vision of propellers of adjustable |ntcli and Imving detachable blades. 

In view of the above it would be clearly init>ossibIe to introduce at thi.s 
date propellers <)f wimkI if metal propellers were already in general use. 
Anyone igoposing to .substitute wchxI for metal would be regarded as a 
dangerous person. S(» great, however, is the conservatism of mankind 
generally, that wwden jm^icllers continue to be specified, and the advo¬ 
cate of the metal ])ropcfler is tdten looked upon as an ex]>erimentalist to be 
regarded with extreme suspicion. 

Consideration of .all the evidence in res^ieci to the rc<|uirements to be 
met in the design, construction and o]>cration of propellers leads Lieutenant- 
Colonel Oristovv to the following conclusions; 
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(1) That hy reason of the changed conditions set out in the beginning 
of the paper, wood can no longer be considered as a suitable material 
for aircraft pro])ellcrs. 

(2) That steel is the most advantageous sulwtitiite from the engineer¬ 
ing stnndiK>iui, and it also has the advantage of being a home 
product. (Thi.s refers to England.) 

(3) That the hallow laminated steel blade can l)c satisfactorily con** 
slnictcd in such a manner that its tensile strength is sufficiently 
great to allow it to deal with the inertia and other forces of the 
great majority of pr<jpellers up to top speeds of about 960 feet per 
scc<md. 

(4) That for speeds licyond this there is at present no alternative to the 
light alli»y propeller and that those of the Kecd type have proved 
themselves efficient and able to withstand t<»p Sjieeds beyond the 
speed <»f s<miul and lo absorb very high p<»wcr outputs. 

(5) J'Voin ]>rim<iry consideratUins and frrun actual ex]>crience it is con¬ 
sidered thnl it will he found desirat»lc in future in the case of dura¬ 
lumin propellers to make the blades <letachablc and the hub of 
steel. The more duralumin is W4»rkcd the stronger it becomes; 
therefore, the hub and blade roots which should be the strongest 
arc at present the weakest- 'I’liis introduces variations in strength 
which ccHild be niitig;kte(l by using rolled plates, the thinner the 
better, it must :ilsi> l>e taken into consideraliim in designing the 
hub that dn rain min is weaker than steel, weight for weight, and 
it is only when the very serious centrifugal load is added that dura¬ 
lumin liocornes the more favorable material. There is, of course, 
nt» need to make the hub specially light, as the centrifugal stresses 
due to its own rotation are negligible. 

(6) It is itnpos.siblc to make any hard and fast statement as to which 
iy)>e of j>rujieller will the lightest for a particular job. Solid 
durnlumin is heavier, size for size, than hollow steel, viz.: 1.9 to 1.3 
taking wood as 1. Thus is roughly approximate for propellers up 
to about eleven feel in diameter. Beyond this length steel becomes 
relatively lighter and wcmhI aiul duralumin increase approximately 
ncc<irdiiig lo the cube law in the case of solid and the square law 
in the case of the hollow construction. Duralumin, therefore, is 
heavier than steel in Siuue sizes ami lighter than steel in others. 
In tlie case (»f the I.eilner-Walts Condor steel pro])eller which is 
eighteen feet in iliainoliT this is lighter than if made in duralumin, 
but if the engine is run ungeared a duralumin propeller becomes 
pos.silile and would lie liyhur. 

(7) The case for metal as against wckmI docs not rely upon performance, 
It is satisfacl<*ry t«> mite. Imwovcr. that in a long scries of inde¬ 
pendent tests c*arrie<l out both at b'amboroiigh and McCook Field 
metal jiropellers gave the better |>crfonnaiice. 

(8) 'rherc is every imlicalioii that the military aircraft engine of the 
future will be ]>rovide(l with some type of sqpercharger necessi¬ 
tating a variable pitch propeller. This will rule out entirely any 
propeller of the integral tyjK* whether of \vrKKl or metal, and the 
ultimate jiropeller must have separate metal blades, 
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(9) Quite apart from military considerations there are the fundamental 
aerodynamic factors governing the changes in the speed of a pro¬ 
peller during llic laking-<»ff ami flying periods and their important 
influence on the desigti and |>erforniancc of the aircraft itself. A 
proper Sidutum t»f the ditVicuUics tllc^o present in the tipinion of 
some authorities ran «inly he ned by the cm ploy men I of a pro¬ 
peller of variable i.e.. variable ni flight citluT autoinatically 

or at the will of the pilot. Each of these two types has t)ecn de¬ 
signed, and in some cases tested with most encouraging results. 

Reed Metal Propellers.—Dr. S. AHhti Kccd. the inventor of the Reed 
metal jiropcller has fnrnishwl the writer with considerable data relative to 
the development and characteristics <»f the various iy|)es of metal ]>ro])c1ters 
bearing his name. The Kccd j>ro|K*llcr i< an aircraft i)roj)ellcr with solid, 
thin and almost knifc-like blades of forged or rolled durainniin. which alhjy 
has alxiut the same spcciflc gravity as alutnintuu and the strength of mild 



Pig. 903.—'Various Prscticsl Types of Cortiss-Reed Donluminum Propellers. 
Forged Type for Steel Driving Hub. B—Latest Forged Type with Integral Driving 
Splines for Direct Seating on Engine Shaft C—Twisted Rolled Blank Type with 
Filler Blocks for Use in Typical Wood Propeller Hub. D^Biplane Tsrpe Using 

Superposed Type D Propellers. 

Steel. Such propellers made in a single piece have been manufactured in 
the United States by Mr. Reed and his licensee, the Curtiss Aeroplane & 
Motor Ci)., Inc., since 1921, and since 1923 two other companies have manu¬ 
factured propellers having detachable blades of the Reed type which arc 
anchored in a steel hub. Since 192.3 Ree<l propellers have been made also 
in Europe, by five aircraft and metal concerns. The outstanding achieve¬ 
ment in the dcvelopihcnt of the Reed propeller was not merely the substi¬ 
tution of metal for wood but a substantial improvement in the aerodynamic 
efficiency. The problem was to make a propeller with blades of thin sec- 
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tiona which would not change their pitch, either permanently or in the 
character of oscillatory change or Rutter, and this was accomplished in 
1920 after several >ears‘ cx])criencc with models. 

The cciilrifugal force id each hlade of a ten fi«il projieller at 1,800 r.p.tn. 
is roughly alMuu rdleen tons at the hnl>. 'I’lie thrust or pull of such a 
propeller driven l»y a 400 horseisiwer engine is alHUit 1.000 ijounds (i.e., 
500 pounds for each hlaile). On account of the inherent rigidity, together 
with the restoring conijioncnt of centrifugal force, the forward tip deflec- 
lion in fliglu. due ti> thru.st, is usually less than one inch, either with a 
wood or a metal propeller. The alnuiinnin alloys used for Reed j>ropellers 
arc the following:—Ihinsh dnralntnin; \*ichers rlnraluinin; Duren dura¬ 
lumin: Alnminnm (*o. of America 2.'' S; Schneider iS: Co. fFrance), AHor* 
inm, and Mctallliank tunl M <i. ((Icnnany). A enm. 

The present 1) lyijc of proiwller is a reruictneiit of the original Curtiss* 
Reed IVopclIer which was tested in 1*^21. It is made from a Rat slab of 
duralumin, inarhincd to the j>ropcr contour and twisted to the required 
pilch, 'riie conventional type of engine hnl> is used, with wooden filler 
l)lofks usetl as s)>acers Indwecn the face jdate and the hlatle. Careful 
refinement of ilcsign eliminates any danger of failure at the hub bolt-holes. 
This fi*riTi is shown at C. Kig. 80.V I'his type of propeller first received 
official rccifgnition in 192d. when the Curtiss-Navy racers which took first 
and second places at record-breaking speeds in tlic Schneider Cup Race in 
England, an<l the Navy-Curtiss racers which duplicated this feat in the 
Pulitzer Race in the United Stale.s, were ecpiippcd with Curtiss-Rced Pro¬ 
pellers. Military and commercial services alike were quick to appreciate 
their rcniarkaldc performances, and by 1925 the value of the Curtiss-Reed 
Pro[)eUcr had 1>ecomc .so tlcfinitely established that the Ci»llier Trophy, 
given annually for the most valuable contribution to aeronautics, was 
awarded to I)r. Reed. T<«(ay there are several thousand Cnrtiss-Reed D iy\K 
jjropcllers in service in the United Stales and abroad, with a t<‘tal flying 
time of considerably more than a million hours, which figure is increasing 
daily. 

To meet the requirements for an exceptionally efficient propeller, of 
great strength and capable of withstanding high speeds, the type of 
Curtiss-Reed Prof)cUcr has been developed. Jt has been made in two 
forms, one adapted for the use with a flanged hub as shown at Fig. 803 A, 
the other has splines directly m the boss, as shown at Fig. 803 R. This 
propeller is a die-forging from a solid ingot of aluminum alloy. This 
methcKi of manufacture permits the carrying of the true blade angles di¬ 
rectly into the hub, and combined with the thin blade sections inherent in 
all Ciirtiss-keed types, provides high propeller efficiency. The usual type 
of engine hub is entirely done away with, and the propeller is cither spHned 
directly to the crankshaft or fitted with a steel sleeve which is keyed to the 
crankshaft. There are no hub boll holes in the latest form and the solid 
rugged hub provides exceptional strength and rigidity, as well as eliminat¬ 
ing much of the noise which is characteristic of some m#tal propellers. The 
Curtiss-Reed propeller has many record-breaking performances to its crwlit, of 
which the most recent arc the winning of the 1927 Schneider Cup Race by the 
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British Supermartne seaplane at the tremendous speed of 281.6 miles an 
hour, and the subsequent establishment of a new world's record of 298.8 
miles an hour by the Italian Macchi seaplane, 'i'he Macchi propellers were 
built by the Curtiss Company. The “R" type oi propeller is n(»w being 
furnished in large quantities to the U. S. Army. Navy, Marine Corps and 
National Guard, for use on the latest types of military aircraft, where high 
performance and reliat>ility are vitally necessary. It is also being widely 
adopted by coinmcrcial nianiifartiirers and operators who arc desirous of 
having the most efficient tyiws of propellers on their aircraft. 

The first type of Ciirtis»-Ree<l propeller was known as the ZI and was 
first flown August 30, W2\, at ( nrtiss Ineld, by C. S. Jones, the Z2 in June. 
1923. Aiieiititm of ihc aircrali world was s«Hin attracted by the outstanding 
features of tyi>c Z. its superior performance, its ability to give good per¬ 
formance at high tip speed, its superior conduct in bad landings, its superior 
durability, and its su]K'rit»r resistance to vtcis.sitndes of climate and weather. 
In fact here was a type which not only scorned to solve the mclal propeller 
problem but also acrodynamically marked a very substantuil advance in 
eificiency. Propeller cfticioncies bad been 7S per cent lb 80 per cent. Type 
Z propeller cfiicienries were from 80 per cent u])wards. 

The three kihimeter record, hcbl till recently by Bonnet in France, was 
won in a Bernard nis]>nno plane with a Zl propeller made in the United 
States Ijy Curtiss. The Italian Macchl-Fiat Schneider winner of 1926 used 
Zl pn»pellcrs made in the United Slates by Curtiss. The British Super¬ 
man nc-Napier Schneider winner 1927 used a J‘'aircy-Recd Zl iiropeller 
of type D made by Faircy <»f Knghnd. The Itallan-Macchi-Fiat three- 
kilometer winner of 1927, flown by dc Bernards, Ntivember 5, used a Zl 
propeller made in the United States by Curtiss and achieved a speed re¬ 
ported at 2^M.7 miles \kt hour. In addition many remarkalilc long distance 
records including Byrd'.s North Pole and IJndl>ergh*s New York-Paris flight have 
been made all over the w<irld with regular service propellers of type Z. 
The cfliciency of these wonderful racing propellers is estimated at more 
than 87 ])er cent. Any mechanical device which functions to 87 per cent 
efficiency ranks in the fir?>l row, and with only thirteen per cent left the 
probability of further imjirovcment is not great. 

To determine actual flight cihcicucy of a j>rf>peUcr a thrust meter flight 
attachment is iieces.sary. and so far none has l>ccn produced meeting all 
requirements, hut it is understoud that the U. S. Army Air Ciirps engineers 
will socm have one which is satLsInctory and wc will then have exact data 
on propeller cfTiicncy in actual flight. The<»rctical rcas<»ning seems to show 
that low pilch ratios arc less cflicient than high, and this argument is used 
to favor the geared drive over direct drive for high speed engines at low 
flight speeds. The basic data of the mathematical reas(>niug ou this subject 
arc not very exact, and future experimental data wilb the new apjjaratus 
may l>e desiralde. The Ixfdy inu*rfereiicc fact‘»r of cinirse is Ic.^s favorable 
with the small diameter propeller. With these new facilities for propeller 
research provided by the U. S. (ioverument, the Aircraft Industry will be 
able to prosecute iiiflividnal iiivcsligalions of value, relating to propellers. 

Manufacture and Testa of Reed Propellm.~ZI propellers are either of 
' the D type, made from rolled plates twisted at the center to establish the 
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maximum pitch angles close to the hub and adapted by the use of filler 
blocks to be mounted on the same hubs used for wooden propellers; or A 
type—the same as 1>—but mounted on a special steel hub and avoiding 
the circle of bolt holes necessary in D type—<ir else of R type from a forged 
bar and with die b»rge<l centers. In Isjlh cases the blanks come from the 
metal works in annealed condition and are heat-treated or aged after twist¬ 
ing. In Earo])e. where the Heed patents arc <pnt€ generally observed, only 
the D type <»f Z1 is far nianiifactnretl by licensees. Z2 blades are die 
forged, with pilch angles c<miplete, from forged bars and then heat-treated 
or aged. There has been a tr(nibles<nnc early stage in the history of pro¬ 
duction of these die forgings, which have to c<jmply with rigid Government 
requirements and inspection. Many rejections have now led to a mastery 
of the subject by the niaiiufacturer.s of the alloy. Pic forging processes 
of this type need close supervision to avoid errors of manipulation which 
may result in locally inferior phy.sical (|uah 1 ies escnpMig routine inspection. 
The rolling process. prcKlucing plates of uniform thickness from which the 
propeller blanks are afterwards ina<le, is of a more mutinc character and is 
less likely to exjHTll’tU'c errors in innnipulalioii leading to locally inferior 
physical cpialitie.s and to some extent a propeller made from a rolled plate 
may be preferable. An intelligent and ca])able metallurgical expert depart¬ 
ment head is now really a necessity Utr any manufacturer of light alloy pro¬ 
pellers. Recently tlic extrusuin method of jtroducing from the ingot the 
bars used in the die forging has been undertaken and it is believed will 
result in more reliable forgings. 

Recently s|Kcial deflection tests have Ijcen made at McCook Field 
and at the Curtiss factory to tietermine what the deflection would be with¬ 
out the straightening influence of centrifugal force. In these tests the 
propeller was siip(>ortcd with its hub on a bl<K*k and with driving face up 
and blades were then loaded with a distributed l(»ad e([uivalent to the cal¬ 
culated service thrust loading, and the deflections noted. It was found that 
a ten foot type Z pri^peller for Liberty engine deflected ten ])er cent of the 
blade length and a ten foot wocnlen pn^pcller for Liberty engine deflected 
about three per cent. As neither projjeller in flight would probably have a 
tip deflection over one per cent of the blade length, it is obvious to what 
degree centrifugal fruce is an es.sential element in each type and this degree 
may be taken a.s u measure to Heiine what is iiieanl by the term thinness ns 
applied to a blade. In that sense “thin blade*' means thin with relation to 
its intended thnist load. The bla<lc of a ten fiMU Liberty propeller has a 
thrust load of about 500 ixniiuls and a centrifugal load of over ten tons. 
The blade of an electric fan may l>e only Vie inch thick but as the thrust 
load on the blade is less than a pound, the blade is not a thin but a thick 
blade in the above sense. 

In .‘Iviafion, April 25. V)27, Dr. Rccd de.'^crilied a novel arrangement 
of two Z1 type propellers nuninted on tlic same luib, in tancleni. with the 
blades parallel, making a biplane arrangement as slu)wn at b'ig. KO,^ I). This 
propeller liad a succwsful ten-hour whirling lest at McCook Fiel<l with SO 
per cent overload, and was flown at Curtiss Field witti excellent perform¬ 
ance. It is e<]uivalent to a regular four blader, and has the same effi¬ 
ciency) even with only four inches inters]>acing. l^e plan had already been 
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worked out by Dr. Ree<l in 1922, and a three foot mo<l€l tested in the 
wind tunnel at Stanford University by Professor Lesley, and there has 
)>een stnne surprise expressed at absence of blade interference. To njcnint 
propellers made “in tandem** on the same Inib, willioul increasing the 
overhang, is csfK'cially easy with the Zl ]>ropcllcr of I) typo made from 
rolled jdatu and twistctl at the center, 'J'hcrc arc special coiulitions where 
this type is likely to be of much iin]K»rtuncc, 



Pif. Hub Conitnaction for Two-BIsde Standard Steel Propeller, 


Standard Steel PropeUers.^The Standard Steel ]*rot>elkTs arc different 
from all earlier types of propellers in that they arc made up of an alloy 
steel hub and detachable aluminum alloy bhnlcs which can be adjusted 
for pilch. The hal>s arc made in two parts as shown at Figs. 804 and 805 
l>eing split down the center of the hub barrel in the plane of revolution. 
The two halves are held together by clamping rings at the end of the huh 
barrel and by the retaining nut which Imbls the propeller on the engine 
shaft. l**or convenience in assembly t\vi» small caj> screws are provided 
at the center of the hub tt> hold the two halves of the huh together, prior 
to as.sembly on the engine. All bl.adcs arc made intcrrhangeable as to 
balance at the factory, so that a damaged blade con 1>e replaced by a new 
one and the propeller will still l>e closely in h.ilance. As a final adjustment 
of the balance a mandrel is |>assed through the center of the hub and the 
propeller is suspended on knife edges. With the blades in a vertical posi¬ 
tion, the clamping ijngs are shifted by turning them slightly on the hub 
barrel until the balance is j)erfect. All centrifugal force on the blades is 
resisted by the substantial c<»11ars on the end.s of the blades, which 6t 
against corresjHnulrug abutmoiils in the huh barging ns shown at l‘ig. 806. 
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A typical two Made assembly is shown at the t<»p of Fig. 806. The driving 
forces again.sl the blade end are taken by the long blade socket of the hub. 

Too imicli care cannot Ik? given to Milancing a ])ropellcr. A metal 
|)rr»|>eller. ])n>j)Crly balanced sbonid run very snKMjthly, insuring comfort to 
the pilot and relulive freedom from maintenance difhctiliie.s due to vil>ration. 
Not all vibration, however, can blamed on the propeller. l>ecause faulty 
carburcifnn nr <listnbnlion will also cause it. particularly in metal struc* 
turcs. Setting the pitch of the propeller where a checking plate and pro- 
lrnctr)r arc available, the pitch angle of the propeller may i>e set by laying 
the assembled projKdler on the checking plate with the flat face the 
blades 111 ), loosening the clamping rings. 'I'hc pilch nwy then lx: adjustctl 
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Fig. 805.«**Split Forged Steel Hub for Three-Blade Standard Steel Propeller Showing 

AB Parts. 

by tapping the blades with a leather or nd>l)er mallet until the desired 
angle is obtained. The fit of the blades in the end of the hub next to the 
engine is made free so that it is unnecessary to loosen the cap screws 
which hold the two halves <jf the hub together. 

In order to facililale sluing the pitch where no checking plate is avail¬ 
able, and to make it possible to adjust the pitch without removing the pro- 
pciler from the engine, a scale is marked on each end of the hub and a line 
scribed on the blade. This scale reads the angle setting of the blade in 
degrees at the 42-inch radius and is shown at Fig. 8015. To set the pitch 
without removing the proi>eller from the engine it is only necessary to 
loosen the two clamt>iiig rings and tap the blades with a leather or rubber 
mallet until the scale reads the desired pitch setting. A useful rule to 
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apply in adjusting the pitch on pro|»cllers for Wasp engines as an example 
is the foHowiii*^:—Change the pitch by une dejp-ee for each 60 r.p.m. hy 
which it is desired to chan^^c the enspne s|H:e<l at full thn^tllc; to slow 
down the cn^ne, increase the pitch setlinij; to speed up the engine, de¬ 
crease the pitch setting. Special pmiicllcrs arc needed for each engine 
though the general construction is the same for all sixes. Once balanced 
a propeller should need little attention to balancing nniil enough metal has 
l>ecn eroded or cluppetl away to change the weight dislnbiition. This 
condition is app<'trenl as Mntn as it occurs and the remedy is olwious. 



Fig. 806.—Standard Steel Two-Blade Propeller Assembly Shown at Top. Part Sec¬ 
tional View Below it Shows Method of Blade Retention. Bottom View Shows 
Markings on Blade and Hub Flange to Aid in Setting Blade Pitch. 

Whenever there is any sign of pitting at the leading edge of the Idadc, 
it must be attended to imine<liately. If the piltlug is at all Knd the rough 
edges must be smoothed down with a hnc hlc, the whole leading edge 
smoothed down with emery cloth ami finished with cnK*iis cloth. However, 
the file should be avoided if jxjssible ami be used only wlicn the pitting is 
so extensive as to make its use necessary. Occasionally, when severe 
]>itting occurs, it may l>« necessary to remove so nmch nintcnal that the 
propeller l)«comes%inl>alanced. H'liis condition must lie watched for and be 
c<irrected if it occurs. Ordinarily, pro|>c(Icrs are issued bright—that is, 
with<mt either ]>aint or protective coating. The best jirotccticiU for the 
metal is a thin coat of oil, which should be applie<l by wiping the blades 
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with an oily ra^. This can be dune 1>est after the tips have been touched 
up with the emery and crocus cloths t<i remove roughness. 

When blades are damaged, <Uie !»> Iwd landing, etc., it is often possible to 
straighten them so they may be continued in use. In order to do this, 
however, the blades have to be anncale<l first, and heat treated again after 
straightening. The* blades must then be etched with a suitable suhitian and 
carefully examined for cracks K'fore being put back into service. On 
account of the equipment re<iuircd to straighten these blade.-«. they should 
be returned to the factory where the work can be properly done for a 
reasonable charge. 

Kcc<in)incnde(l tlinmetcrs for StaiidanI Steel IVopcIlcrs for I'ratt Sc 
Whitney “Wasp*' engines nt difTiTcnl airplane spei*<ls arc given bebnv, 
These diameters arc correct when the full |h»wcr t»f the engine is u.sed 
and the pitch is adjust^ to allow the engine to turn 1/XX) r.p.m. at full 
throttle. 

Sf>eed of the snrulane in miles |>cr hour., tin m Km \2(i I4t) 1(4) 1K0 2im 

DiamcUT U>r u iwo hluk pfo|*iOlcr .. . \J' U'r IP Ut(r Ki' DM' 

Appraximalv wnjjlii nf c.nh lihulr -11 0 .WU .M.O i7 fl 25 24.1 21.0 

Diameter fur a llir^-blailc iJfojKOUr . IP lOV HI’ W VX' H'*)' 8V“ H'.V 

Appraxiinatc Nvtichl nf cncli h1.uk* . .UU .113 27 U 24.3 2.U) 21.3 2t).3 19.3 

Ai>t)roxirTunc weight c»f tWii*hb<lc luilwiS.5 Ih" 

Approximate weight uf tlirrvhladc linl>—42 lh%. 

Ttelow are the diainelers recommended for Standard Steel Propellers for 
the Wright "Cyclone*' cngnieN at iliffcrent airidane speeds. 1'hese diam¬ 
eters are correct when the full iniwer of the engine is used and the pitch 
is a<!juNtcd to allow the engine to turn l.^XX) r.p.iu. at full throttle. 


S|)€Cil of the airplane, in iier Imnr. 

HKI 

I2tl 

140 

IM1 

180 

DixfTiclcr for a two-hlailc projKllcT. 


urs' 

I0'2' 

*ynr 

9'(.' 

Apiiroxiniate weight of each hlaiU* (insnuKi 

.t.S 

32 


27 

2.5 

Diameter for a throc'hladc iirnpcllcr. 

10'4* 

9'nr 

DM' 

0' 

8'8' 

Approxim.itc wciRht of each bta'k* (p(»uiiiKl . 

2K 

20 

24 

225 

21 


Appruximatc weight of twu hlaik liiib, 47 IUn 
A pprox ima\c of three *1)1x411* huh, 40 1li». 


Propellers More Efficient at Low Speeds.—In the dcvelopmenl of avia- 
tioii ctigine.s, it has been the practice to obtain higher ]lower output hy 
increasing the speed «»f romtion. In this way. ciiginc.s of lower weight 
per horscjiower have Imen obtained but with a resulting Increase in Jiro- 
pcllcr speeds, li^xperietieu and theory each indicate that increased projiellcr 
revolutions bring reduced pro]idler elliciency. hence all of the gain in engine 
power obtained by increased rotational speed is in it transhirmed into gain 
in propeller thrust horsepower. With a high-speed jiropeller. the loss of 
efficiency i.s considerably greater during climb and take-off than at high 
airplane speeds. The high-speed jirui»cller is therefore particularly un¬ 
suited for transjiort and commercial airplanes where high thrust i>ower 
during climb and takc-t»ff is necessary. Of course, as speeds are reduced, 
pitch and diameter must lie increased in the prtqKrr proportions. 

To obtain light-weight ^wwcrplants and at the sainc\imc overcome the 
lack of efficiency of the high-speed projwller in a commercial or military 
weight-carrying airplane, it is necessary either tu use propeller reduction 
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gears with the ordinary crank type engines, or to employ the Fairchild 
Camiiiez engine. With the Camiticz cam mechanism the power nntput is 
obtained at onc-half of the h|K*cc 1 4 if a crank engine havijig the same jiislon 
speed. An example of the gjitn in i>erfMrnT.'iiu*e olitnined by use of low 
projicller >jK*ed is clearly ^tlo\vn in Hu* aitouipaiiying table. 
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Fig. S07.^Calcu]ated Propeller Efltcienciei of Low-Speed and Hi^b-Speed Propellen 

in Level Flight Showe Superiority of Low-Speed Screw. 


Aircraft Propeller Design.—Lieut. Commander Clinton H. Havill, 
U.S.N., presented a very interesting and informative on the subject 

of "Aircraft Propellers" at the Aeronautic meeting of the S-A.F-.. Inc., held 
at Chicago. 111., Dec. 5lh and 6 th. 1928. This paper was accompanied by 
charts Iwseil on analysis of jicrformances of service propellers which are 
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reproduced from the paper as well as a numl>er oi excerps which reflect the 
experience of the U. S. Navy Bureau of Aeronautics obtained with a number 
of phases iu connection with the use and teslinjf of adjustable blade pro* 
pellers. 

Desi^m <»f .'lire raft propellers of I lie detac halite blade tyjic. adjustable in 
pitch on iho has liccniuc a special branch of aeronautical engineer¬ 

ing:. This type of pnipeflcr has primarily liccii developed in this country, 
and nearly all the propellers used by both the Army ami the Navy arc of 
this type. The Navy has found ic necessary to make its own designs and 
to furnish the propeller mannfucUirers uith finishe<l detail drawings. 
These designs are largely used iu eomuuTcial aviation, designated by the 
inaniifacturcTs munber instead of by the original design number. 'I'he 
reason for ibi.s is (hat. for a given type of engine and airplane ami for a 
given air.sju'cd, the Army and the Navy have develcjped a pmpellcr bladr 
that “(its" the airflow ; and for similar cotulitii»ns the coiiiniercial <t]ierator 
secures the beuebt «»f the design and experimentation on propellers that 
the niilitarv services have fonml necessarv. 

Licul. C'onnnaiidcr llavill states that it seems logical to ask if. from all 
the ]>ro(»cUcr 1 item lure and tbe hundreds of previous types fd planes, it is 
not ])ossildc to furnish a j^ropeller that is the best for those comlilion.s. The 
answer is that it is possible Ut furnisb a t>ropeller that is accurately dc- 
.signed ami that will give excellent i>erformaiice; Imt it will not always be 
the be.st ]jri»iiellcr. All hough the difTerencc between a good propeller and 
the best may ai>pcur small to the average julot. yet when .such things as 
filed consiim])lion ]ier mile and al>ility b» take*vdT with u very large load are 
con.sidcred. it can be seen tfiat the best ]’ropcller for a given plane must be 
esiieclally suitable for the things that the tdanc is designed to do. To 
priivlde such a t»ropeller. the designer often must sacrifice one to two m.p.h. 
of t<»p speed to favor :i higher tale vif climb, as is done in some fighting 
planes. In other cases it may be necessary to sacrifice a little on rate of 
climb u* favor bud eimnoniy at cruising speed. 

best top speed seldom is given by the propeller that is best, all things 
considered, cxceiil in racing planes. Ibnvcver, in racing ])lniie,s, the ability 
to change the t<»p speed liy small changes in the ilcsigu of propeller is 
limited usually ti» a small ]jercenlage of the total speed, as. in racing, tbe 
pri>]idler \vc»rks niuler conditions that favt»r high efliclency. if the diaiiieler 
is nearly correct; and the speed changes only as the cube root of the change 
of elTicjency. cx]‘resse<l a.s a percentage. Jlorscpowcr and "clean design" 
of plane arc the items that win most aircraft races. 

Sources of Designer's Information.—The designer of aircraft propellers 
has several simrees of information, no one of which, excejU cxjjerience. is 
sufl’icient in itself always to give the Ixrst j>ropelkT at the present state of 
the art. These sources may be tabulated as follows: 

(1) Pure theory; 

(a) Momentum theory. 

(b) Bladc-dcmenl theory (Drzcwiccki, 1009). 

(c) Combined luomeutum and bladc-clcment theory, giving rise to 
a modified theory. 

(<l) Prantle*.s theory rd wings, developed by Bates to apply to pro- 
jicller.s an<l finished in ])ractical form by Glauert. 
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(2) Wind-tunnel tests: 

(a) Model tests. 

(b) FuH-scnle tests, with anri without fiiselafT^* (now bcinj? carried 
on by the National Advisor\ Committee for Aeronautics^. 

(3) Analysis fiom actual service-flight tests. 

A great amount of pure theory is .available, and nearly as much in 
the way data fr<»m wind-tunnel tots is at h.and iti various forms; l>ut not 
so much has ever been imbllshed based <iti frcc-flighl tests of metal detach¬ 
able-blade pro]>ellers. 

Chart Based on Propeller Analysts.—Chart 1 .shows the result of the 
analysis of a large number of service propellers for \nrious types of air- 
[llano. Ca.ses were ehi»sen in which the prt»i)ellcr porfnrmauce was con¬ 
sidered entirely .'satisfactory, if not the best; m», by following the 
inslriicUons on Chart 1. a diameter and setting id a pair rd detachable 
blades can be found tliul will give reasonably goi»d jUTfurmaiice for nearly 
any borsepower. number of revolutions per minute and airsjiced commonly 
used on dirccl-dnve propellers IcKlay. 

To ii.sc the chart: fa) enter it with the airs|K*cd, and fn»ni the r.i>.m.- 
curve pick off Kp ami the <lc.sireil setting at the 42-iiuli station: (b) sfdve 
for [y, using formula HiyK=J')b Then enter the table with the value of 
\)* and jiick out the v.alue of the diameter in feet and inches. 

This chart cannot be used backwards; for CKamjjle. d a plane normally 
makes 140 m.ph. .and then, from the chart, a tinipeller is chosen which is 
of the diameter and sellmg for a 150-m.t>.h. [danc. the l.^fbm^i.b. propeller 
probably will give a speed »d only alwnit in.pb. to the plane having a 
normal speed of 140 tii.ph, Iforse|H»wer a> ail,aide ami pn»|>ellcr limiting 
efficiencies prevent the chart Wing used in the reverse i»rder, Tl is the 
same as in any other branch of transportation, llic power av.ailablc and the 
efficiency attaincjl govern the pcrform.ance. 

Chart 1 was produced by Lirul. Commander llavill in the J'ropcller Sec¬ 
tion <d the Kureau of Aeronautics general cdVice use, It furnishes data 
for a j>ro])ellcr based on the mean of previous performance and will give a 
propeller of g<i(»d pnipiilsivc clTiciency, though n<»t always the best prf»- 
peller. as will be exjdained later. 

Theory versus Practice.—Before pniceeding it should be staled that the 
results of ])ure theoretical study, wiml-tunnel teMs and actual service use 
arc n<it in entire agreement. I hire theory is, of c<»iir.se. the basis of all real 
progress in any br.anch of engineering and. as sneb. mii.st !«• kepi conslanlly 
developed. A Sfdid groundwork of pure theory* in jirojadlers is neccs.sary 
if one is to attempt to extend [iracticul results properly frmn one condition 
to some other assumed condilhni. Wind-tunnel tests of nuHlel jiropellcrs 
is the next stet). Model tesls have greatly aided in furmsbing the modi¬ 
fication necessary to “pure theory” and have .served to develop the blade- 
element theory to the point at which a propeller ran be designed accurately, 
even if it Is not the lK*st propeller. Use of the radial air-cooled aircraft 
engine has necessitated many changes in the previous mellvals of apjilyiug 
model tests to actifhl use. 

There arc a nutnlier of wurccs of discrciwicy lienvwn mcKlel tests and the 
full-scale tests, and also among the full-scale tests tiHinselves. The most 
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common one is the well-known scalc-cffecl that is assumed to depend on 
the Reynold’s numl>er, which is a noiidimcnsioua] nnmher depending on 
the sixe <if the model, the \el*K*ily <»l the u\t. and the <lciisity and 
viscosity of the air during the test. The IheoT) of sunililiulr shows that, 
h»r llie «nne value of KeynnlilV iiurulKT. the >aiiie airlKov and forces 
exist; however, (his does not af>|K*ar to hold exactly true for iiroptdlers. 
A second source of <liscrcpaiicy is the lendciuy of the projicller blades to 
distort under U>ad, causing changes in the nature td the flow across a 
propeller Idade. This is esjiccially inijiortani if the iiressnre rlistriliution 
is altered on arroiint of change* <d flow. A third cause of difTcrciices is 
tlie interference of ihe engine, fii.selage and airjilane adiacoiU to the pro- 
jiellcr. ‘riiese interfereuccs change the inflow and greatly atTcet the pro¬ 
peller performance as well as causing a liirhuletU slipstream, with it.s con- 
se<|nent higher drag on all parts i»f the alrt»lane in contact with it, 

A fourth cau.se i»f <liserepaney is the change in flow ocettrring at high 
tip-velocities. 'J his change in How, winch may Ik* a compressibility efTect 
near the velocities of sonml, or alsml l.lOO feet |ht seeomi, lias been 
investigated and much has been written on llie subject. {See National 
Advi.sory CommiitiT ke)Hiris Nos. W, an<l J55; also Itritish Aeronauti¬ 
cal Keseareh C'oinmilice’.s Uc|H»rls and Memoranda LOHT), 1.12.^, 1.124, 884.) 

I lowcver. all lirojiellers seem to lose siiine efheieiiey for li)> steeds beyond 
^)0 feet per secoixl. ami the amount of this dejwmls on the ratio of Idade 
thick ness lo blade width for sectioii.s near the tij». the type of airfoil used, 
the angle of attack, (he pilch ami the iiitcli disirihntUni. In view of Iheae 
print i)ial discrepancies, it is not •nirjirising ihai jiropeller-model tests cannot 
he usetl clircctly (or full-scale jiropellcrs I'or exam|de, the net result <if 
the at>plication of .kbinch-dianietiT-model tests is tliat the pi over coeflicicnt 
obtained on a model must be innUiplied by I.H6 as an average* correction 
to ap]dy to the power coefliciciit used on nine-f*Mji-<liametcT geotnetrically 
.similar jirojiellcr.s. 

Moilel tc.sls have therr pnijjer useful ness to the propeller art. but there 


arc too manv uliosviuTasics 

9 9 


in trying use eminrical correction-factors 


lo full-scale actual projicllers. Itul. as a matter of convenience, model tests 
are of more actual ii.se than the direct ajiplication of pure the<iry in the 


alislract. 


Full-Scale-Propeller Wind-Tunnel Tests.—The result <»f all these pre¬ 
vious labors luis been for tlie National Advisory C'oinmittce fi»r Aeronautics 
lo buil<l a Iwenty-fcMil diaineler wiud-lnnnel so that a fnll-.scale iiropellcr 
can be testcil together with its engine and fuselage, ’[‘he results on the 
first tc.sls made recently have Ikvii .somewhat «lisc*>u^aglng^ 'I’he power 
cocflicienls ap]»ear low un<l the efficiency rather high, while the thni.st 
aiii)arently agrees closely with previous methods of calculation. The 
method of testing i.s u» measure the thrust and torque the actual pro¬ 
peller while driven l»y the engine. From these i(uantities. thrust and power 
coefficients arc calculated so that, for other conditions, the results can read¬ 


ily he attained. 

The following f^nnnlas arc nseci based nn similitude: 

T=CtpN*D^ fl) 

where Ci. C„ and C,, are functions of (X'/ND) curves being plotlctl of these 
functions. 
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T^nutrm 

Cfv^Ar VMtfi 


g-f„pK'D" (2) 

l'=<VpN'l)“ (3) 

The symiMils used, in English iinils. arc as follows: 

T=Thrii.st. in pounds. 

p=r)cnMty uf air in the tunnel, or u limes Ihe uuimIkt of jxHinds per 
ciil)ic f<iot. 

Ci = Ninulimensional thrust coeflicienl. 

N—Nuinhcr revcdutioiis per second. 

• D= Diameter of propeller, in feet. * 

Q—Ton|ue, in poimd-fect. 

P—Hrakc horsepower—I\»wcr in fiHji-jNumds per second. 
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Cq—Nondimcnsional ior<|ue Ci^efTicient. 

Cp=Nondim€nsional ]M>wer coefficient. 

V=Airs|>ce<!. in feet jjcr second. 

In theory, i', K'., rctnain cmiHianl for a |re<»melrfrally similar pro¬ 
peller operating; at llic .same The same values id thrust c<ieffi- 

fient. Cf. and power coefficient could l>e used for froe-fli^^ht the<ircttcal 
computalion.s jiro\uled the ci»cfliricnts were obtained at full .scale in the 


WTiul-tuniiel. However, tliis apjilieatiem does mit seem to work out in 
j)ractical i)ro|>tllers because the wiml-tunncl i)o\ver-ci>efficlents are usually 
low. Various ex) daunt ions have been advanced, but ibe most commonly 
actc|)tcd one is (hat. in the wincbtuunel. an “arliruial inflow** is caused 
which lowers the jniwcr ami thrust coeflicients. 1*his lower thrust rc.sults 
ill less distortion of the bl.vle than is found in free (liphl, while wiiui-tunnel 
efficiency Is usually two to three jier cent hi^htT than frcc-flifjht an.llysis 
would indicate. 


Free-Flight Efficiencies.'^Aii exain|»1e of the actual efficiencies attained 
in free Ib^rhl wllli one jjarticulnrly thin blade used i»n direct-drive air-rooled 
cntjines is shown in Cliart i. I'bis blade is an instance of a low uniform 
l>itch turned to liipher effective pilch. This jjives rise t(» a pitch distribu- 
tiuii. For exaiiijile. tins particular bla<le. Ibirean of Aeronautics design 
Nti. ^.7*^2 and nine feet in diaineter. i> u^cd ou certain fighting planes when 
set nineteen clegrees al the 4J-iiich radius. Coinjdete data rm this blade 
arc given in Chart 'l‘he pitch at the ii)> is then K.I7 feet; at the .^6-mch 
radius it is 7.JO fe<’l; ami at the I.Liuch radius it is $.7^ feel. The necessity 
of such a jiiich distrihuiioii means tha* the airflow around the hub and over 
the cvlmders of the air-ciKded engine causes the projicllcr l*i \vork in a 
rioinniiform airflow. The engine is cmded better if the t>itch is increased 
near the huh. but the uet |>r«»iiulsive efficiency of the projjcller designer must 
ctimtinmiisc between emding the engine and getting the hest effective 
thrust for the airjdanc '1‘hi.s compronnsc is best effected by having the 
jiitcli distribution fit the airflow in such a way that an efficient angle of 
attack is maiiilained at each section. Experience and analysis <»f flight 
tests a|>pcar to Ik* the best tcacbcr of thtj*. It is |H>ssible to fly almost any 
airjdaue in the Navy with <uio of fc»ur or five basic designs of hlade.s by cut¬ 
ting <iff the tips to the correct iliamcler and setting the blnde.s at a pitch to 
give the required innnlKT of revolutions per minute. However, these 
methods rarely give the l»esl fuel con.smiiptuin per mile: that is. the best 
Ijropulsive cfficienry. In the foregoing .statement, the strength of the blades 
is not considered; it will be discussed later. 


Actual Efficiency Below Test Efficiency.—In the past, propeller effi¬ 
ciency has been adojited as a simple and practical criterion of the excellence 
of the propeller performance, and this is still true provided the proper 
definition of efficiency is use<l. It is \\rong simply to place a propeller in a 
wind-tunnel, measure Its efficiency under a given condition, and assume that 
the same efficiency is to be attained in a practical case with an actual 
airplane in flight. (Vrlaiii propeller manufacturers have talked of the high 
efficiencies of ilieir propellers, quoting tests sh<nfling ^ per cent efficiency ; 
however, the true or net propulsive efficiency is usually lower than that 
measured in a wiiid-liiiinel. As an example, assume that a propeller (level- 
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ops 800 pounds of thrust and (utIIkt, that the slipstream velocity creates 
50 pounds of dra^ on the engine, fuselage and wings, this drag being causei] 
solely l>y the difference lH*(wrcu ihc drag at the sj^ced of ilie air])lanc and 
the drag at the speed of ilie slipstream Then there is only 750 jjonnds of 
useful ilinisl and. iff coiirsi*. liu* propulsive eflieieney is lower than that 
fouml on test In the free almo.spliere of a wind-tunnel. .\s in sliiji-lmildiiig 
parlance, il is the ‘‘propulsive elVieieiiey*’ that counts; therefore, a given 
propeller arrangement should he jmiged entirely tin that basis, 

In attempting to analyze wintbtnnnel data and actual flight-test data. 

a general conclusion run Itc reached that, with beuvfcr-lhan-alr tractor 

propellers, about two to three ]ier rent of the efbrieiicy is lost as compared 

with wind-liiiinel data, (‘ban 3 is an enicicncy chart showing the net 

propulsive eflicieucy as l.leiit. (*otnmun<ler Kavdl lias ealculalecl il for a 

detacbalde blade widely used on the Navy fighting planes wilfi rmlial 

air-cooled engines. It is to be noted that the method rd plotting the curves 

in Chart 2 is m»t the cimvenlional meihotl of propulsive efbctcucy, versus 

V/NI); 1ml propulsive elbcieucy versus setting with curves of constant 

V/NI). 'rhis method offers itself more rca<lily for office ami field use. It 

is belicvctl that the waves in the curves are mused bv blade clistortion, 

* 

together with changes in the inflow velocity. 

Much more couhl Ik* said uIhmiI ihe jiropul.sivc clllcicncy of various 
arrangcineiils of iiropellers and engines. It apiH'ars that a piisluT iirt>|>i*ller 
located astern of the trailing cilgc of the vving.s gives the best efTcclive 
thrust from a j»r<»pellcr stand]Hjinl. Iml is mil so gcnsl wtieu the best loca¬ 
tions of the principal weights, such as that of the engine, are coiisitlered. 
However, the present conventional tractor pro]idler ahead of the engine, 
on the nose of the airplane, has fairly good eflieieney even if il is not the 
best. It ajipcars that the jirojicllcr and the engine break the snuKitb flow 
of air a Is Kit three feet ahead of the propeller. The re.siill i,s that the use of 
a small spinner usually im^iluces no observed change in airspeed. The u.siial 
conventional type of spinner can be used or reinovc*il, so far as performance 
is concerned, for airplanes having a normal spee<l of alKiul 150 ni.p.li, or 
less. Commercial airjdanes iiMially are liticil with a small pn*iJeMfr- 
spinner because it improves the liM»ks and is a g<KKl sdbng point. 

Substitute Propellers—Whenever the prcipcr design of blade for a 
specific pn^iidler is not available, aiqdaiies can Ik* keiit in llu* air by using 
sul>stitute pr<i]idlers. These are made ii]i by using bla<lc.s of another 
design ami <if larger diameter that arc kept oil hand. 'I'hese large blades 
can he out down to the desired diaineler. according to tliu diameter furniula, 
and set to give the desiretl nuiulier of revolutions per minute. The general 
effect of suhstitute propellers is a loss of hip speed of from one to five 
ni.p.h.: climb ami take-off may be slightly iK’tter i»r worse. The diameter 
formula is as follows, and it should be noted that the number of revolutions 
per minute and the horsepower mu.st he consistent for the type of engine 
on which the pro]idler is to he used. 


EW-K 


V-— 
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In equation (4), V is stated in miles per hour and represents airspeed. 
The value used should be three m.p.h. less than the lop speed of the airplane 
when fitted with the correct propeller. The diameter in feel is rcpresente<l by 
D. K is taken as being 300 for a two-bladed and 285 for a three-bladed 
propeller. 

For reasons of aerodynamic balance it is ini|>*»rtaiU that the same con¬ 
tour of tip be put on all the blades of the same j)ropeIler and that g!>otl 
balance be had befi>re altcmpthig to take the nir. A template of thin metal 
can be used to form the tip on the firsl blade, and the other blades can he 
cut to conform with ihls template. The settings shonhl be such ns to give 
the number of revolutions per minute used in the formula. This is usually 
about one degree less than the standard service-setting used for the correct 
pnipellcr. If in douht as to the initial setting for the first triab the follow¬ 
ing formula should be used; 

4.37 V (5) 

tan - 

KPM 

Calculation of Primary Stresses,—The tiieth>Kl of calculating the )>n- 
inary stresses in a prujiellcr blade is to jiloi a curve id the intensity of 
centrifugal force ft»r 25 per cent in excess of normal re\olu!ion5, at sta¬ 
tions taken at each six inch of radius. The area uiuler Ibis curve equals 
the total cenlrifugal force, since centrifugal force effitals (MvV), The 
curve of total centrifugal force. ( F. is plotted against the length, or radius, 
of the blade starting with Cl" = () Hi the tip and tnasitmim at the liladc 
root. Tty dividing the total force at any radius by the cross-scclional area 
of the blade at that radium, the filicr-slress caused by cenlrifugal force is 
obtained- The maximum-thrust curve c»f the blade is next plc»tlcd and. 
considering this as a lead curve on a cantilever, the resulting bending 
moment is obtained. Ity the usual engineering luethoil of MY/1 the fiber 
stress due to thrust is found and is added algebraically to the fiber .stress 
due to centrifugal force. If the moment of inertia 1 is taken about the 
minor axis of each section, a factor of safety is introduced, because the 
ellipsoid of stress of each section turns alKUil the bkado a.s the radius is 
increased, so that the thrust <Ick*s m»t always art along the niiniir axis. If 
the blade is of conventional design and is to run an engine (d not less than 
seven cylinders, and i.s of the type that is reas«»nably free from .syuclirfniizcd 
vibration, nothing else has to Ih; dime. However, if the plan f««rm. tyjie 
of tip, material or constrnction are changed, the sire.sscs due to t<»rsioii and 
impulses of torque should be investigated. 

It is to be noted that the designer of dctachable-blade-typc propellers 
docs not take Into account any deflection or restoring (that i.s axial com¬ 
ponent after deflection) component of cenlrifugjil force. In Lieut. Commander 
Havill’s experience, to cimsider that a conijionent of ihnisl is counteracted 
by an axial component <jf cenlrifugal f«»rce is to neglect an exceedingly large 
torsion force that results if such a large <(eflwtu»n occurs. The net result 
is that, in metal, the fiber-stress exceeds the fatigue liufit. The metal blade 
should be designed to withstand all primary .stresses without having the 
fiber stress exceed about nine-tenths of the fatigue strength uf the material. 
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The principle of dynamic rijridity docs not seem to be useful in the dcsig^n 
of solid aUiminuni<allny blades. 

With any material, the j>rimary fil>er-stresses arc calculated by straight 
forward engineering tnelbcHlK taking into account the centrifugal forces, 
the l>ending nicjineiu caused by tbrusl.aud torsion. 1'bese primary stresses 
vary proportionately to the sipiure of ilic tip speeds for gcomctricany 
similar propellers of the same pilch. It is errone<ms, to copy an existing 
de.sigii of ]>ropcllcr bla<le and increase its angles >Yilhoul computing the new 
fiber-stress, because both tbrn.st and t<»rsion increase with increase of pitch. 
However, as increase pitch re<|uires nmre horsetnnver for the same 
iiumher of revobitions ]H*r niiimte and fur the same airspeed, an empirical 
formula can be built up which will give an a)>proxtmnlo idea of the magni¬ 
tude of the fdHT-slress involved in a given <le.sign. VtiT the .sfdid type of 
metal const rue li*m an empirical formula. Iwised on a large number of 
successful pro]sellers of the delachable-bhide tv|>c has lieeu devised by 
Lieut, ('oitiiuandcr llavill. 

Empirical Formula for Maximum Fiber-Stress-^This formula to ap- 
pruximate fiber-stress is as follows: 



n.lKXMfiTU + 


o.DOfKtooorHrih-rMi ‘ 




fi — Maximum fiher-stress nt r inches of radius, in i>cmnds per square Inch 
kJ*M •• kevululituis jier minute 
|> = l)iatneler. in rc.st 

T =“ Radius, in inches of scclum under c<msicleratum 
b-- lllade w idth in inches at radius r. using the imt>itched plan form- 
width 

t— Maxiimitn thickness, in inches at rndlus r 
— Density of material in pounds per cubic inch 
T= Blade thickness, in iiiche.s. at 42-incb radius 
B = Maximum blade width, in inches at 42-inch radius 
11 p = Horsepower per blade, or the total horsc|K)wer divided by the 
number of blades 

V = Airspeed in miles per h(mr and equals zero for static conditions 
Equation (6) <ioes not apply very well to a solid one-piece blade made 
from a single forging from tip to tip. I)ecattse this type of construction 
often suffers from fatigue failures caused by synchronized vibrations. 

In equation (5), • is the setting angle at the 42-iiich station and V ia 
the normal high .speed in miles per hour. After the first test, the setting 
can he varied t<» give the exact desired number of revolutions per minute. 
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A one degree change of setting will produce a change of about 60 r.p.m. on 
direct-drive propellers. 

Strength of Propellers.—The strength of t>ropclU'rs is the great ])robleiu 
of the propeller designer. 'I'lie increase of engine ht»rso|M)wer and engine 
speeds til (he last few years has bnmglu alKHit a nmcHtum in which few 
of the larger engines can he filled properly wiih a \vi«»den projidler. The 
Liberty engine of 400 horsepower al 1.7(X) r.p.m. iiii]H>sc.s a load that ap¬ 
proximates (he limil of capacity for a wcKiden pnijHdler while leaving a 
sufficient factor of safety to meet service re<jiiircments. The result has l>eeu 
that the prtipdler designer was ccmipelletl to search for other materials. 
On account of centrifugal force, the siiitabiliiy of materials for aircraft 
1 impellers is largely dependent on a strcnglh-ilensity ratio iii the cases 
where the blades arc solid. It is an advantage to use thin airfoil-.scclions. 
The result is that the ilistrihntion of the material in the blade is often as 
important as the amount of material iise<i. Virtually all the pmpcllcrs now 
used in both the Army and the Navy arc maile i»f aluminum alloy known 
as 25S sjierial. ami scmietinies called Standard Steel. They are of solid 
construction and of the detachable-blaile type. The Navy at present is 
encouraging the <!evelo]mieiU of a chromium-vanadium h<Jlow-s(ecl pro¬ 
peller. One experimental jiropeller of this type has lately been whirl- 
tested. and it has more rigidity than has the aluminum-alloy type. This 
construction w'ill be almost necessary for tbe greater horsepowers, with 
which the 1 (ending nic»nieiit cauM’il by thrust is high: in the lower iKirscis'iwers it 
has the advantage of being cheaper, and it probably has longer life than the 
present type <»f alutnlnuin-alloy blades. 

Metal ^opellers.*»Aluininum alhiy known as special has the follow¬ 
ing physical properties: 

Material: alnmiiium alloy, kn<»wn as 25S 
Ultimate strciigtli: 55.000 to 60,000 jMmnds per sf(uarc inch 
Yield |H(iul; 50.000 to 40.000 pounds |>cr Mpiare inch 
Fatigue strength: 12,500 ]Kmnds per sipiare inch after heat-treatment 
and artificial aging 

Elongation in (wo inche.s: sixterii to 25 per cent 
Itriiiiiell hardness: 90 to 125 

Modulus of elasticity: 10,U0().(X)0 pounds juT sfiuare inch 
Density: O.lOl )Hmnd per cubic inch 
Specific gravity: 2.79 

Grain .structure dejjciids mostly on (he temperature of the metal as it 
is p<Jttrcd into the ingot an<l the rate of cmdmg the ingot. Ingots are 
water cooled by a j>atenied process in which means arc provided for govern¬ 
ing the rate of cmdiiig, and are forged into billets. These are cropped to 
remove defects and t(j permit examinations of the grain structure, and are 
scalped to remove surface defects. They are then forged into propeller 
blanks. Ileat-trcaling and artificial aging to give the required jihysical 
properties are <l<me after the angles are placed on the propeller blank. 
Bending or twisting the propeller blades without special heat-treatment 
lowers the fatigue strength to about 11.000 pounds ycr scjuare inch and, 
on designs that arc close to this fiber-stress, is likely to lead to fatigue 
failures in from 100 to 200 flying hours. 
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The Whirl-Teat for Strength.—The Navy requires that all basically 
new designs he given a whirl-test of 100 \H:r cent more than normal horse¬ 
power for a i>cri<«1 of ten hours wilhoui any jKTmauent deformation. 
During the test the blades arc set in pitch with the normal scrN'ice-scllIng. 
It is not siiflicient that a design pass the whirl-test; it also should run 
reasonably smoothly and l>e free from flutter up to nn overload of 25 per 
cent of luirscpowcr. Pin iter is a pefit»flir change <»f pilch in the blade. 
Blades that suffer from syiiclirnr.izcd vibniticni usually will flutter at a 
given numlver of revolntunis ywr inimitc during a whirl-test, then run 
smoothly at some higher speed, only to lluttor again vi«dently at s<»me,still 
higher spcetl. For hlaflcs iliat begin to flutter at a certain numlier of 
revolutions per nnuuic after about five lioitrs of test and flutter at all higher 
spectls, it in assiitnrd that the filKT-stre.'i'irs nre alwivc the fatigue strength 
of the metal. I'liiis the actions of the bl;ole during a whirl-lc.st give Im- 
porlaut informalitm in regard lo strength of design. 

Necessity for Gearing a Propeller.—Ciuisii knit ions as to the necessity 
for gearing an aircraft ]»ro]K’ller are priiiiiirily divided into two classes; 
first, gearing to reduce tip-speed; second, gearing to enable Ihc propeller 
to give a higher thrust at low airspeeds, such as will enable a plane to take 
off with a very heavy hm<l and tr» have good efiiciency at cruising speeds. 
At the present state r»f the art. Iiigli-power. Iiigh-.sj)ee<l engines should be 
fitted >vitli gcare<i pn»|Mdlers to reduce the high tip-siiced that would re¬ 
sult if direct drive were used. 'I’he amount of gearing should be such as 
to give a tip speed of about 80(1 fed ]»cr second, fieariug to lower tip- 
sj)ecds than this usually give no improvement in propulsive cflicicncy 
iKcausc the increase in ili.aineter requires heavier jiropellers ami increased 
length of the lamliug-gcnr. 'I'he residl is that the theoretical gains in 
efficiency arc lo.st. To illustrate this, let us assume that an engine of 600 
horsepower at 2.100 r.ii.ni. is u» be used in a new airplane. As a first as- 
'iumplion, let u.s try to use a tw<»-bladed direct-drive j»ro|>el1er. Then we 
have: 

Dianielcr - d05 X \ 7 000 

V -^0755 feet (7) 

^ (2.100) - X l.hl 


Consequently. \vc use a proiK:llcr nine fed nine inches in ^liametcr, and 
the tip speed will be 1.072 fed per second. Since V/N1) = 0.558. a prob¬ 
ably net propulsive eiVicicncy. coiisklering the high tip-speed, ui ahoul 74,9 
per cent ran he expectcd. 

Now cemsider the case if the engine is geared three lo two, which gives 
the propeller a speed of 1,400 r.p.m. Then we have: 


Diameter ^ 305 X 



(iOO 

< 1.400)’X1.^ 


11.940 feet 



A propeller twclv^fcci in diameter is therefore used and the tip-speed 
will be 879.6 feet per scctmd. Since V/ND = 0.681, a probaldy net propul¬ 
sive efficiency of alxmt 78.6 can be expected. 
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Before a decision can he reache<h it must i>e determined whether a pro¬ 
peller twelve feet in diameter can t)e used. H ground clearance is insuh 
ficient, the landing-gear must Iw lowered, with its resultant increase in 
drag of the plane. H installed on a twin-engine type of plane, the twelve- 
foot propeller probalily would require a re-sj)acing of engines which would 
result in practically a redesign and an increase of weight. H the landing- 
gear has to he lowered and the inn ease in drag is more than the 3.7 per cent 
gain in efficiency, then it is better not to gear. 

Let us assume that the two-bladed twelve-foot diameter propeller is 
impractical; so a t)»rcc-ldadcd protjcllcr will )« tried. Direct drive for this 
would require a diatneter of 

Diameter 2X5 X \ 7 

\/- ‘MLS feet (9) 

^ t2.100)=Xl.^ 

I'herefore a t>rnpclkr !nnc feet in <lianioter woiihl he used, am) the tip- 
speed would he ‘W).6 feet per ,secr»inh Since \VND -*0/i05, a jjrohalde net 
propulsive efficiency rd 74.5 can he expected. It sin ni If I he noted that, fur 
the same values of V/NI) and the same lip-si>ecds. Ihrce-hlnded propellers 
arc about two per cent less cnicient than t\vo«hl.ntled propellers. 

The reduction in tiji-sperd of this ihree-hladcfl pn»j>cllcr, compared 
with the twc»-hladed <hrect-dnve. together with the increase in fV/ND), 
causes it to give ajiproximately the same propulsive cfliriency. In addition, 
the three-ldadcd lyi»e should gi\e a better take-off in tills case. Thus this 
particular plane probably would be filled with a ihrcc-hladcd direct-drive 
projKlIcr as the Ik* si eiigiiicvriug cotni>r<miiM*. Lieut Cfmimnnder Hnvill says 
that there is no set rule al«mt gearing; each case mnsi he solved on its 
own merits. Ibovcver, if gearing is resr»rted t<s a rcflnction of tip-speed 
behiw XOO feet t>er aecnml seldom |»ays in 1icavicr-than-aif tyt»cs of craft. 
As engine horsepowers ami engine .speeds arc inrrcase<l. gearing will be¬ 
come more and more prevalent. 

Variable-Pitch Propellers.—It is well known that a fixed-pitch pro¬ 
peller can give the best results only under a gi\cn set of conditions. As 
stated prevKiUsly. the t»itch setting that i.< best for take-off and climb 
cannot be the best for loji speed or f<»r cniising speeils. Fixed-pilch de¬ 
signs or types that arc atijustahle in pilch on the gronml are tn fact a 
compromise between characteristics desired and characteristics obtainable. 
Under one set of conditions the propeller efiiciency may be the inaximum 
possible, but under every other cimdilion the efficiency is simicwhat less. 
The subject of variable-pitch propellers the effective pitch of which 
can be changed while the airplane is in the air has interested aeronautical 
engineers ever since the basic printi]de.s of air proiudlcrs were understood. 
Numerous patents have been grunted as a result of attempts to evolve a 
serviceable mech<anisin of this kind. The patents include ideas not only 
for changing the effective pitch l»ul also for varying the diameter and the 
surface area of the blades. It must lx* understood that the variation of 
effective pitch provides only part of the imssible tfieoretical increase in 
efficiency that can he realized; however, the mechanical difficulties in the 
way of changing the diameter and area of the blade have so far prevented 
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any encouragcmcnl in this mailer. It seems that the ability to change the 
effective pitch of the 1>la<1cs offers the hesi fiehl for flcvclopinent, and Ire- 
mcmlous effort has concentrated on ihi'* feature. 

Advantages of Variable Pitch—'I'he advantages of a vanaMf'pitch 
propeller a.s stated liy l.ient. CoininaiMler llavill are as follows: 

(1) For I/nny /Vi/mx*-A low pilch <luring lake-olT am) a higher 

pitch <luring cruising cuuhl he umhI. lnslea<l of ernising with the 
engine throttled, it seems hetter to let the engine ojKTale at full 
ih rot tic and to reduce the nitmlKT of revolutions per iiiinnte hy 
increasing the pilch, ’rids case wanild fit exactly the service of air¬ 
mail planes, where the advantages of heavy-load take-off and of fuel 
cc«>nomy at cruising siH*eds ctnild he obtained w'lth the same jiro- 
peller. 

(2) For J'i/jhtnuf Plonrs Foftof'f'Otl wlh SufcrrlKirtfcd F.o- 

-With a ciMnenlional fixed-pileli prt»iH*ller. il is iinpos.si- 
Ide to make use of the full power of ilu* siij»erchargeil engine at 
aii> great altitude vvilhoiii using an excessively higli mnnher <if 
revolutions per innnile. 'Phe practice of laking-olT and climhing 
to about fi.fKXhfcet aflilude w'llb ihe engine i»arlly lhroitlc<l is the 
onlv partial sidulnm of the problem wben a lised-]du*h jiropeller 
is used. 


To Koiftny the Lnojth of t<ifo aftrr the ra.se com¬ 

plete reNcrsal. the negative thrust could he used to act as a brake 
after landing; however, I believe that the iiislsillalion of uierhanicul 
brakes promises to ebunntite the necesMiv fc»r this feature. 

Some fairly sncce'^sfnl vanahle-pilch proiuflers are mnv avaifahle, but 
the develiipmenl is not such as ti* make them of general .service use. The 
difticidtles arc. prfiuardy. thal in the higher Imrseiwiwers, say above alxntt 
185 horscp<'\ver. the propellers become very ‘T<mgli after alsnit 4(J to 50 
dying hours. 'Pho high value of the centrifugal force iui each blade under 
a normal number f>f revidiitions per ndmitc fjresetils a bearing proldcm 
rather than aclualing-mecIianiMii problem. f>inijdy l«i take on a four-inch- 
diameter roller hearing or ball Israring. the t..tal cenlrifug;il-f«»rce load 
which is about 50,0(X1 pounds, filaccs .such a load <m the i)ilch actuating 
mechanism that the small parlv wear snfhciently within a shi»rt time so 
that Knh blades do not h.ive the same effective pitch. Phis inaccuracy 
causes a difference In thrust Ulvvccn the blades that rc.snlis in violent 


vibrations. 

In Europe, a type of varialdc-pitcb propeller thal n^vs cni pressure to 
counteract the l^eariiig lr)ad has met with some succc.^s m the lower horse- 
iwwers; and at present Ihe Navy is experimenting with a type that counter¬ 
acts the bearing load with the hydn»static pressure jiroduccd by a revolving 

In the high-siwed fighting-type of airplane, the weight of the vanab e- 
pitch propeller is important because. Ijcyond a certain weight, better results 
could be obtained by putting the extra weight into a larger and more 
powerful engine am^ using a fixed-idlch propeller. Such a high rc.striction 
as to weight of the propeller docs not apply equally to the large heavy 
patrol plane, l>ecaiisc the jjropcllcr constitutes such a small percentage of 
the total load that the climb and take-off are not so much affected. 
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Value of Reduction Gearing.—Tlw tal)1r on page 1691 gives the perform- 
ance tests a V. S. CfOviTnnieiu lrans|K»rt airplane «|uipped with a 400-horse- 
lH)wer direel-drive and llu* sjinu* eiiipiu* filtifl with a Iwn to one reduc¬ 

tion ijear It can Ik* mti» ilvii clnnli mar the uround luis U'cn IniTCHsed from 
280 l«i ^J18 ffi't ]KT minute hy MihsinniiMU of the j;car«'d i*nj;im*. It will lie noted 
that an increase in hij;h sjK*<xl. as well as a ciinsnlcrahle increase in service ceil¬ 
ing, has als<» resulted from the use of tlx* low-s|H*e<l ]»rc»jH*lkT. Hesides the in¬ 
crease in thrust availahle through iiii])rovcd jirotjeller efliciency, the low-speed 
l)n»|teller also alhtws a greater cruising rang'c. With the same themial efficiency 
of the engine. decreasi*d fnel consumption fur any given jtro|H*llcr thrust is 
ohtaiiu*<l hecanse tif the greater cflicieiicy of the low-speed pr<)jicllcr, Ability 
Jtf the airjdaiic to lake ttff with higdi power htadings c<tinhinfd with im¬ 
proved fnel citnsuinption for a given thrust horse|>ower makes the low-specil 
)>r<jpeller type of engine a logical solnihm for long tlistance cruising, 

'fhe dHTercnce in propeller efiieicncy in an airplane designed for 120 
miles ]>er hour with a ISO horsepower engine, at 1,(XX) r.p.tn. and at 1,800 
r.p.m., was determined analytically hy the usual fcintiulae and is given in 
the accomijauying diagram ni I'ig. 807 'The curves show propeller effi¬ 
ciency only in level Ihght. The difference i»f efficiency between high and 
hnv sjieed of ndatum l>ecoincs greater during climb ami take-off. 'I'hese 
curves do not lake into consideration the effect ii|)oti propeller efficiency ol 
the fuselage iu)se <*r the obstructions iinnic<liately Ixdnnd the pr<»)»eller- 
Nor i\u they consider the increased «lnig of ibc airplane wdtb the hlgh- 
spec<l propeller, winch is caiiseil hy the higher slipstreatn velocities. The 
actual results <*i the official performance tests of a II. S. (lovernnicnt 
trans])ort airplane given in the accom|>anying table shows more clearly than 
any detailed calculations the effect of low propeller s])eed u|H>n the per¬ 
formance of a transport airplane. 

It is significant that the new C'urtiss (.'(mdor lK»ml>cr, which ha.s shown 
excellent iicrforinancc. mounts gcarcti engines. The Navy has long l>een 
using geared engines in its PN10 living lK*ats. 

'I'he advantage of the largc-tliamcler slow-turning jwopeller in giving 
a sh<»rter length of run f<»r takc-olT and an improved rate of climb is too 
great, ]iartictilarly ii*r heavily loaded commercial jdancs. to l>e neglected, 
(jearing now* seems to l>e the only M»lntion with ccmventiotial engines hut 
gears (m such high-)H)wered engines arc a nicchaniral jiToblcm that, up to 
the present time, has not been solved in an entirely .satisfactory manner, 
though various design.s have l*een ina<le that give excellent results in 
practice, 

Airplane Propeller Drive Gears.—Airplane proi)cl!ers, as the writer has 
previ<nisly mentioned (jj)eratc most efficiently at a speed range of from 
1,200 to 1.500 r.p.m. In this speed range it is ix)ssiblc to (»btain a large 
enough propeller diameter to avoid excessive interference between the pro¬ 
peller slipstream and the fuselage and other parts back of the propeller. 
The mo.st efficient pitch also can l>e <ibtaiiied in this speed range. At higher 
speeds it is necessary to restrict the propeller diameter in order to avoid 
setting up excessive strains in the pro]>cller due Io^cm) high circumfer¬ 
ential spcctl. The most efficient speed of the average modern water-cooled 
iiirplane engine, is usually in the range from 1.800 r.p.m, to 2.200 r.p.m. 
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It readily will t)e seen that a rcducticm i^enrinf' of some »un is desirable, 
in order to allow Ijoth engine and propeller to o]>eralc at their l>est speeds. 

In considering a suitable reduction gear fur the aviation engine, two 
important factors enter into the design; 

First, the greatest possible efficiency must Iw realized. 

Second, the construction must be light and coin|>acl, althimgh at first 
thought a heavy and bulky construction wuuhl ajjpear necessary to with¬ 
stand the internal stresses create<l in the transmission of so much i>ower 
as is developed liy the usual large engine. 


0*/ Chuft to fiofl Thrush 



Pig. 808.—Simple Reduction Gear Used for Propeller Drive on Napier '^Lion*' Aero 

Engines. 

In a preceding chapter i»n watcr-coubHl acrnuaulical motors, the siniplc 
and cfTective rethictioij gear used on Packard aenmaulical engines was 
shown as applied to the iA 2,500 engine, in this the reduction was iditaiued 
by a single pair of spur gears, one me Minted <»ti the propeller shaft between 
large anti-friction bearings was meshed with a smaller gear carried by the 
engine crankshaft l»clow n. this also iKUiig supported by anlr-frictiini bear¬ 
ings at each side. The gears are of heal-trcaled. high strength alloy steel 
and have exceptionally wide faces to Iransinit the great liorscpcuvcr pro- 
iluccd by that engine. 1'he simple aiul effective reduction gear uswl nny 
Na]>ier Lion engines is shown at iMg. SDK. A spnr gear on the propeller 
shaft, which rotates in ridler Iwarings and which is t>rovided with a double 
ball thrust, is meshed with a gear on the engine shaft, not shown in the 
illustration. 

Rolls-Royce Gear.—There are other forms of reduction gears Ivesides 
that shfovn ai Fig. WS. Rolls-Royce, Ltd. of Derby. Knglaml, have been 
building for stnne tune past a rednetnm gear id Ibc cpicychc type for use 
with their twelve-cylinder .iircrafl engine, and have been very successful 
with this gear, 'rifis is clearly shown at Fig. and it will be evident 
that it results in a much neater m»sc as.sembly than is jwssihle with the 
superposed spur gear rcUucliuii previously considered. In considering the 
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design of the reduction gear for the R(dls-Ruycc engine^ full attention was 
given to various types of gears including almost every type which could 
be considered at all practicable, and the decision was reached that the 
cpicyclic gear gave the Ijcsl cimilnnatioii of strength, wearing qualities and 
other <lc'Sirai>le features, without tcM» great loss of efficiency. 

The form in wliich only two gears is used is most efficient mechanically, 
but it cannot Iw made as comimet about the center tine and the stress of 
power trailsmissiun produces a strain <m relatively few teeth, which must 
be large to resist it ailequalely. and of course, cunstderablc tooth frictinn 
is present because of high unit presMires. Unit pressures arc lower in 
ei>icyclic gears f>eeatise more teeth are in engagement. 1*he factor of hear¬ 
ing friction between the planets and their pins is reduced l)y using anti¬ 
friction hearings. Kpicyclic gears are best for high i>o\ver.s. 
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Pig. 809.—Diagrams Showing Rolls-Royce EpicycUc Speed Reducing and Propeller 

Drive Gearing. 

Various inethtMls comiHmiuling plain cpicyclic gears have l>een tried, 
hut the best type is iiiiclcmlnedly that comhiiring doul)le planets, an annulus 
driven from the crankshaft, and a sun fixc<l to the engine casing- One of 
the great advantages of this tyjic <d gear is that the nlancls are nut held 
on overhanging pin.s as is the vase with plain planets, but are balanced 
alxmt the flange <m the propeller shaft in such a way that the projecting 
portions of this Aange, to which the two halves of the planet cage are bolted. 
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arc not put In torsion by the driving bind ov the planets. 

When a simple spur gear reduction is used on a large engine, some form 
it{ sluH'k al)s<irl*i«g sj»ring drive is needed l<» rc<lm*e shocks in )u>\ver trans- 
mi s.sk »n. 

Lorraine Planetary Gear .—A re<liiciiig gear of the planetary l>pe for 
aircraft engines has been de\elo|H'd Uy ilie SiK*iiMe Ixirraine oi Argenleuil, 
I'rance, and in addnion to Ining used <»n the aircraft engines <»f tlial com- 
[lany is alsii fitted liy the Armstr<»ng-Sidde1ey C o. in ICngland. A sectional 
view (>{ the Lorraine reducing gear is slnnvii at Fig. 810. 1'lic projjeller- 
carrying shaft is sn]i|>i>rled at the forvvanl ciul by a roller bearing (> and at 
the rear by amnluT roller bearing V ami a bnuize bushing K raie<l inside 
the crankshiifl, 'riie front journal of the cranlN>hafl is snpporteil in a 
Ilabldll-lined bearing. To an integral flange on the crankshaft bidted 
the tnlenial gear cn»un C. This gear crown, in roiaioig with the crank¬ 
shaft. carries along the jiropeller. by inesliing with the planetary ]unions 
I), which rotate U»ih around their own axes and around the stationary 
pinion I. which latter is secured t** the housing hy b*dls i. The jiropcHer- 
(•.irrying shaft, which r.irries the planetary pinions, 1 >, turus at a lower 
speed than the crankshaft, the rcductum ratio lH.‘ing 1.54S:1. 

Liibricatfon of the rediicticni gear is clTecied by means of oil under 
Ijressurc which enler.s llie iuleri(»r of the hollow projiellcr-c.arrviug shaft 
thrtmgh holes T aiwl U. This oil also lubricate.s the front licaring S of 
the crankshaft an<) the inshle lK*aring K through the s.mie holes T and U. 
Passing through oil grooves cm in the bearing bushing it floods the roller 
P, whence it is thnisvn olT into itie collector channel M formed near the 
periphery c»f the plinon-ramer plate II. CViitnfngnl force conijiels the oil 
to enter the Indlow pins b* on which the planetaries revolve, through 
registering drill holes. From the in(eri<ir of these jiins il passc'.s through radial 
hides to the rollers on which the idanelaries revolve, aiul it escajies from 
the roller Uarings thnuigh radial holes. V <lrilled in llie i>inunis. Thus 
there is a cmisfaut circulation of ««il. winch serves not only to luhricate but 
also If) cool the piiiioii<. The oil thrown otT by the pinions gathers on llie 
w'alls of the housing and some of il ctillccls in a small iKK*ket N. whence it 
flows through a passage N to the roller lK.*anng () ami llie double thrust 
hearing J which lakes the jimpcllcr thrust. The lower part of the housing 
for the rCibicing gear is filled with oil to such a level that the iiilernal 
gear crow n is at all limes partly .submerged, 'hhus the meshing gear.s arc 
constantly floisled with oil. An oil-guard O at the side of the reducing 
gear toward the iiropcllcr prevents loss of oil fr<ini the rase. The rciliiclion 
••atio of 1.545 I was aflopted with a view of limiting the si)eed of the engine 
to a value wliich w'ould assure a satisfactory life of the engine and to keep¬ 
ing the propeller diaineler down to a figure wliich would not Ih* j^rohibilivc 
oji multi-ongined airplanes and seaplanes. An engine spee<l of 1,900 
r.p.m. corresponds to a i>roiieller sjwed of L2.V) r.i^.m. The jjinions and 
gears of the reducing gear all have straight teeth and arc niMunlcd on 
parallel axes. They have such dimensions that their accuracy may be 
readily checked by Ihc usual inspection j^revions to assembly. The clear¬ 
ance between teeth is determined by the inanufactiiring jirocess and no 
adjustment is necessary in order to insure projHT ilistnbution of loads. 
The tooth loads and bearing loads arc quite in<Klerate. 
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Pig. $10.— Sectional Diagram Sbowing CoiuUTiction of Loiraine Eptc^dic Speed Reducing and Propeller Drive Gear. 
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The low'Specd shaft which forms the ca^e of the planetary gears is a 
very robust member as can l)e seen by referring to the illustration at Fig. 
811 which shows the imi)ortant parts and it is ma<le in a single piece, and 
therefore not subject to deformation. Studs for the planetary x)inions are 
straddle-mounted. These studs arc located at equal angular distances from 
each other and at equal distances (rum the axis of the shaft l)y mechanical 
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Fig. 6n.^lUuitrstionf Showing Parti of the Lorraine Reduction Gear Shown at 

Fig. 810. 


means in sttch a manner that their angular spacing and their concen¬ 
tricity can be rcadtly checkc<l. The po.sitioning of the pinion studs is not 
affected by wear, hence the studs an<l the pinions can lie replaced at any 
time without need of highly specialized lal>or. The wearing parts arc 
constituted by roller l>eanngs at which there is only an insignificant amount 
of wear. Ke])lacemetit of these bearings is an easy matter and does not 
call for any adjusting (>]>erati<ms. properly s])eaktng. All ]>arts are mounted 
concentric with respect to the crankshaft, which makes it j>ossible to assure 
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one's self of the proper operation of the assembly before placinif it in service. 

Reduction and Reverse Gears.—Reverse ^ars are not used in air¬ 
planes blit are desirable in lightcr-lhan-air craft 1»ccause a reverse motion 
if the priipelltTs will sonielimes aid in mancnveniij? an airship. The 
speed re<lticinpaiid reverse irears of the U. S. S. •‘Shenandoah'' are shown at 
Fig. 812. A sjiecial clutch of the mnitiple disc or plate type is installed in 
the iransinissum Imc Iwtvveen the engines and the gearing, this making 
it possible to slop the propeller while the engine continues to run, just 
as it does in a nuUor Inial or an autcniu»bile. A braking device is j)rovide<i 
which pennit.s the engineer arrcj^l the motion of the propeller at any 
desired point as it is sometimes neetlfnl to have the airscrew stop in a 
horiztmlal instead of a vertical jxisition to <ibtain full gmund clearance. 
All gearing is of the jdanetary or epicyclic type and all gears employed to 
give reiliieed speed <»r reverse imnion arc in constant iiu-sh. A sliding d(»g 
clutch actuated hy a shifter lever eoiincvts the jMivvcr shaft t<» cither set of 
gears as desired, The nia.ster chitch iniisl lie fully released before the 
jMisitive clutch is sliffleci to engage either set of gears. 


InUrrul 



Fig. 812.~Sectional View Showing Construction of PUnctsry Speed Reduction and 
Reverse Gearing Used with Dirigible Airship Enpnes to Turn PropeUen in Either 

Direction Without Reversing Engine. 

Self Starters for Aviation Engines.—At first thought, one familiar with 
auioiiiobile practice will think that the coninioii method <»f starting small 
airplane engines by swinging the propeller is crude m view of the marked 
developnietu in aut<»mobrlc engine starling systems am! their reliability, 
which wouhl indicate that modifications should be designed ftir use with 
aircraft motors. Leading authorities in the aeronantical industry are favor¬ 
ing the fitting of reliable and easily o^ieratcd starters especially on com¬ 
mercial machines. Commenting e<li|orially on this subject, ^iviation Maga¬ 
zine says: 

‘’Undouhleilly rme of the greatest factors in the jKipularizing of automo¬ 
biles was the introduction of the self starter. Cranking was a nuisance and 
dangerous even fi>r strong men, ami it practically eliminated women from 
the driving, If self .starters made a difference in the j.jpularily of automn- 
bile.s they certainly will make a much grealcr difference with airplanes and 
their high |H)wercd engines. Swinging a iirop by liand is hard work; rcc|uires 
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considerable skill, and. to iHit it mildly. Is not a pastime in which most of 
us like to indulge. At present, hand cranks are fitted to most of the new 
commercial engines but if airplanes are to !« handled by women and 
amateurs they should have every convenience, and self starters which 
are as easy to operate as those on automobiles will l>c required. The 
starter should certainly be workable from the cabin for otherwise it really 
takes two people t<i start the plane. The unfortunate part is that the ]>lanes 
which anialcurs fiy arc usually of small size and in such i^lanrs every ounce 
of weight counts and to date most of the starter development has been 
d<»ne for larger engines and especially the really large ones which are 
nearly impossible to start by hand. The progressive manufacturer of 
small engines would be making a great step f(»rward if he should fit all his 
engines with self starters. This would give the starter maiuifaclurcr a real 
basis upon which to start development and productum, and it would nut be 
a long while before all Imyer.s of engines demanded tbut self starters be 
fitted as regular et|iiipnient.'’ 

Engine Starting Methoda.~\'arions forms of starter have )»ccn tried 
for years with but indilTereiU rcMilts aiul. so long as the engines were small 
and were ca]>a))lc of being cranked by hand by pulling through the prfqieller. 
starters were ni^t receivc<l w^ith much favor. Pulling thnmgh the pnspeller 
by hand as previously shown is a dangerous operation at best and even a 
skilled mechanic id good phy.siqiir catiuiit turn the engine past mure than 
one or two c*<miprcssion points, except in the case of small engines having 
no military and very little ccnmnrrcial value. ICIectric starters have been 
devised which employ a small motor, driving through a large gear-reduc- 
li<jn. The early f<»nn3 of these starters gave trouble and tluy were very 
hard on batteries: also, the battery capacity required entailed the use id 
large and ci»rrcspondingly heavy batlefies. Therefure, for many years 
after the World War. engines up to ami including the 200 horscpuiver 
.size were started by ]>ulling the propellers when the propeller w as accessi¬ 
ble. For larger engines and for seaplane w<irk. .rniall band-starters were 
used which consisted solely of a hand-crank geared dowm to the crankshaft 
in connection with a lHH>stcr magnetu. 

Ccunprcssed-air starters of various tyjjcs came into extensive use on 
European engines and were used to sonic extent on early American engines. 
These starters consisted of a supjdy of com|»resscd air stored usually in a 
small .steel bottle that was carried im the airplane, a miniature carburetor 
in the air-supply line, a distributor driven from a camshaft, and individual 
])ipes leading to check-valves installeil in the cylinders. These com- 
presacd-air starters have been very efficient s**) f.ar as starting Ls concerned 
but. in this country, airplane engine builders have been unwilling to accept 
the multiplicity of piping and valvc.s required and the driving of any 
unnecessary mechanism from the camshaft. 

U. S. Navy Practice.—Starter develojimcnls in the Unitoil Slates have 
taken the form of the inertia starter, said Lieutenant C. K, Champion, Jr. 
U. S. N., in a pafwr read befi»rc the ItnITalo Section. S. A, E. recently. 
These arc l>ei ng buil^ for the Navy at present by the Healy-Acromarine Uus 
Co., successor to the Acroinartne Plane & Motor Co., and by the Eclipse 
Machine Co., in its plant at Hoboken, N. J. These starters employ a hand- 
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crank and a jjcar-train which drives a miniature flywheel, and a constant- 
torque slipping-clutch through which the flywheel can transmit its energy 
to the engine. In uperatum. the crank is turned by hand until the flywheel 
is bronghl np to the required iniml«r of revolutions per minute. A man 
of normal physique should accotnpHsli this in 20 to 30 seconds. The 
gcar-rednetion is approximately ISO ti» 1 and the weight (d the flywheel 
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Fig. SlS.^Wright Hand Turning Gear and Starting Magneto. 

is about four j>ouuds. When the flywheel has l>een bnmghl up to about 
]5.0(X) r.p.m.. a iriji|>iug device c<mnccls the flywheel, through the same 
gear-train ii.sed to drive it. to the constant-torque clutch and, at the same 
time, engages the slarting-dog. At average oj>eraling-speeds, the energy 
stored-up in the flywheel amounts t<» .S.0(X) f<K»t-jKninds or m<»re. The clutch 
can be set for any desired break-a way tonpic. In small engines, a torque 
of 400 fooi-jHuinds sufljccs but, for the largest engines, clutches arc set for 
750 foot-poumis. 

By careful arrangement of the gear-train, these concentric starters have 
been reduced in si sc to that <»! the cr<»wii of a mar)’s hat and their total 
weight is lietwccn 19 and 35 jiounds depending on the model. They are 
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very rugged and reliable. Incidentally, it is indicated that their nsc will 
eliminate the necessity for the han(lHH)crati*d 1«M>stcr-mafn»ct^ used fi»r 
starting jninn^ses, which will result in a saving of soiuo eleven or twelve 
jionnds in weight. 

Electric Starters.—Si arte rs ntilizing electric imiU>rs to turn over the 
engine have been recently dcvelojicd. an<l when i>r(»i>erly nunle and main¬ 
tained in an efficient condition they answer all (he re(|niretnoius of an ideal 
starting device. The c^apaciiy is very high, as the motor niav draw current 



Fig. 814.—Bclipee Aviation Hand Starter with Booiter Magneto Integrally Mounted. 

from a storage battery and kect> ^be engine turning over for c(>nsidcrablc 
time on a charge. The objection against their use is that it requires con¬ 
siderable weighty, complicated and costly apparatus which requires the 
services of an expert electrician to rcjiair should it get nut of order, though 
if l)attery ignition is psed the generator takes the place of the usual ignition 
magneto and some saving in weight is effected. The fundamental units of 
a self-starting system, therefore, arc a generator to jiroduce the electricity, 
a storage battery to serve as a reservoir, and an electric motor to rotate 
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the motor crankshaft. Generators are usually driven by enclosed gearing, 
though silent chain.s arc used whore the center distance lietwoen I he motor 
shaft and penorator shaft is Unt j^cat f*»r the jfcnrs. An tdeclric starter 
may bo directly r<»miecl<»rl to the jrasoline online, as is the case where the 
motor Iw^Its to a tlan^c. 'Phe iimtor may also drbe the engine by means 
of a direct tjear reduction. the Heiidix |iintoii shift bdiiff used to engage 
a starter gear ring uttarhed to the iJro|H*lIer flange. 

Every electric starter must use a switch of sfmte kind for starting pur¬ 
poses and most sy.stctns include an output regulator and a reverse current 
cutH>itt. The output regulatr>r is a simple device that regulates the strength 
of the generator current that i.s supplied the storage lialicry. A reverse 
current cut-out is a form of electrical chock valve that prevents the storage 
battery from discharging through the generator. 

The Wright Starter.—The Wright Turning Gear was the .success¬ 

ful result of several years of w<*rk in the dcvcb»j)inent of a device by which 
an aviation engine may l>e started rea<lily hy hand, without danger of 
injury to the i‘))erator tir damage to the engine <»r starter. The gear was 
sinijde, com]Kict, ami reasonable in weight, and was used on engines of 
widely dIfTcrcni sizes without any change other than a simple adjustment. 
It was supi‘lie<l in two gear ratios, six ti» one or fiftmi to one, six^ifwl by the 
customer. In the llluslrallnn at Eig. 813. which shows the side of llie starter 
toward the engme. most of the external t’art.s of the gear are visible. The 
splined shaft fils into the rear end of the engine crankshaft and five hole.s 
receive five studs hy which the gear is 1 Kilted to the rear end cd the crank¬ 
case. The Ixdting flange and spline are designed to fit the .stambinl Army 
and Navy .starter mounting as usc<l on Liberty, Wright, Curtiss and enher 
engines. The starter shaft carries a hrcmze worm wheel, which engages 
a wc»rm driven by the handcrank. 'J*he starling magiictu. which is an inte¬ 
gral part of the device, is also driven by the starting crank, through gears. 

In starling, the worm is brought into contact with the worm wheel hy 
pushing on the small hmI heside the starting crankshaft. Turning the crank 
then brings the wtirni into full engagement, and further Uirning rotates 
the engine,crankshaft. When the engine fires, the worm i.s thrown out (»f 
engagement, hut as it slides endwi.se on its shaft no end motion is trans¬ 
mitted to the starting crank. The disengagement of the worm, however, 
docs not throw the starling rnagneto out of gear, so that it may l>c kc])t 
in operation by turning the hand crank until the engine has picked up 
enough speed to fire regularly on the running magnetos. The .starting 
magneto furnishes high tension current which is distributed to the spark 
plugs through one of the main magnetos. It is designed to o;>erate in 
connection with a '‘trailing lirush*' on the running magneto, which gives a 
greatly retarded spark, thus reducing to a minimum the probability of the 
engine "kicking back." However, should a "back-kick" occur while the 
engine is lieing cranked, the engine and starter are positively protected 
aginst damage by a multiple disc friction clutch, interposed between the 
worm wheel and the splined shaft, loaded hy four carefully equalized 
springs. Thus a "kick 1>ack" results merely in slipping this clutch. An 
external ratchet on the starting crankshaft positively prevents the crank 
from turning backwards. T'he only adjustment require<l Is for spring ten- 
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sion of the friction clutch. This adjustment is made at the fact<)ry to suit 
the particular engine with which the turning gear is to be used, and ordi¬ 
narily does not require further adjustnieiu in service. Thus the gear re¬ 
quires no attention or adjustment after installation on the engine. 

The addition <jf the turning gear increases the length of the engine by 
4J4 inches, and a space of 4)^ inches is necessary to remove it without 
disturbing the engine. The weight of the gear, including the magneto but 
not the hand crank, is 25 pounds. The starling inagncli) is attached to 
the gear by a special strap which permits its renu^val without the use of 
wrenches, a fealnre of great advantage in w'i>rking in the space between 
the engine and the fire-wall. The crank may In* attached to either end of 
the worm shaft, and the gear us a whole may be mounted in several differ¬ 
ent angular po.sitions. With an adapter plate between the gear and the 
engine, any desired angle between the starling crank anti the horizontal 
may be olitaincd. The starting crank is made up with a long shank and 
is supplied with the end fittings n<»t attached, .so that it may be cut to the 
length best suited to the airjdanr in w*hich it is nsed. 

The gear ratio betw'ccti the haiul crank and engine crankshaft is such 
that under (ordinary c<in<litions one man can turn the engine, unless the 
location of the crank with respect to other parts of the airplane is such as 
to prevent him fnmi exerting his strength cfTcctively. To meet unfavorable 
condlti(»n8. the grlj) fin the crank has been made long enough to allow for 
cranking l^y two men. The hand crank is usually pinned permanently to 
the .starter shaft, so that it may be carried in jHJsilion, but if desired, the 
end of the crank may lie fitted with a slot to allow it to be reiiioved, Hall 
hearings on the spline shaft and on the w<iriii shaft take the thrusts of the 
worm and gear All parts arc thoroughly lubricated by j)rcssufc feed from 
the engine oiling system. 

Eclipse Aviation Engine Starters.—The Kchpse aviation hand starter 
with IxK'Slcr magneto is shown at Fig. 814. The gear ratio is twenty to 
one for engines iiji to 2.000 cubic inches displacement, twelve to one for 
engines iij) to 1,400 cubic inches ami six to one for engines ti]> to 900 cubic 
inches displacement. It may be applied to any aviation engine having a 
standard attachment plate. It has been fitted to the f.ibcrty, Wright, 
Curtiss and other tyi>es of cngine.s. The weight complete with brackets, 
IxHister magneto and inlegral gearing is 28 ]>ounOs. The starter may be 
had without magneto if dc.sircd, 

The hand .starter consists of a gear reduction operating an automatic 
meshing and dcmeshing mechanism through an adjustable multiple disc 
clutch, operating in grease. The ]>urjK)se of the multiple disc clutch is to 
provide a disconnecti<in in the drive in case of engine backfire. Means 
are provided for preventing backward rotation of the handcrank at back¬ 
fire, thu.s preventing any possibility of injuring the operator. T]\t! auto¬ 
matic shift mechanism, as well as the )>ackfire rlutch are ahsolutely hlentical 
with the mechanism nscil in the Eclipse Aviation FJcciric Starter. The 
complete hand starter weigh.s seventeen {lound.s. 

Provision has \kA\ ma<le to permit cranking from either side of the plane 
desired. A sufficient number of boles has been UK'ated in the mounting 
flange to permit a varied amount of angularity of the hand crankshaft, 
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in order place the hand crank in the most accessible position when 
applying the starter to the ship. Where hand magneto is desired, an 
attachment consisting of gearing, magneto bracket and hand magneto 
complete can be furnished fur adapting to the standard hand starter. The 
advantage of this attachment lies in the fact that under normal conditions 
an operator cranking the hand starter at approximately 80 r.p.m. to the 
crank handle shaft will spin the magneto armature at approximately 1.000 
rp.m. 'I'he gear train transmitting mtation from the hand starter shaft 
to magneto armature is completely enclosed against entrance of dust. 
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Fig. B15.«-Sectional Views of BMW Hand Surter Gear Showing Conatniction of 

Devices of thia Character. 

BMW Hand Starting Gear.—The sectional view at Fig. 815 sh<iws the 
BMW (German) hand starling gear for large engines and brings out the 
details of construction of such devices. .The engine is revolved by a hand 
crank through the medium of l>evcl and spur reduction gearing. There is 
a bevel piniDti on the hand crank operated shaft, this meshing with a l>cvel 
gear inounlc<l on an idler or intermediate shaft which drives a spur pinion. 
This in turn engages with a spur gear cut integrally into the outer pe¬ 
riphery of a double cone safety drive clutch memlier. The male portions of 
the drive are attached to the dog clutch tliat engages the corresponding member 
on the engine shaft. Tlic lievel intennediale gear also drives the liooster 
magneto shaft through a pinion at a cnnsklcrnbly higher 5i>eed than the 
engine shaft is driven l)ecanse of step up gearing in the magneto. There 
are two si^eecl reductions between the hand crank and engine crankshaft, 
one between the bevel jiinum and the gear it drives, the other between the 
spur pinion on the intermediate shaft and the .spur gear on the safety drive 
clutch. If the engine sh<mld lack fire, not only is the jaw clutch disengaged 
because of the tajioriiig faces of the co-acting faces but the safety clutch 
also slijis. All inechauiMU is ciiclose<l in a dust proof casing. 

Large engines are often starte<l by using the propeller c^r a hand tuni- 
inggear to put one or more id the cylinders at compression. <lcpcnding upon 
the number of cylinders and then using a small booster magneto, somewhat 
like the old time telephone magneto only it is capable of generating high 
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Pig. 816.—Wiring Diagram Showing Installation ol ''Booster” Type Magneto on Fiat Aviatioo Engines. 
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tension spark ami so wiring it to the switch that with the ignition switch 
on, briskly turning the small hand crank (the lx»osler being placed on the 
instnunent i>(Kir<l other convenient jilacc in the pilot's cockpit) will send 
a secondary impulse, via (lie distrilnilor cd one of the big magnetos to the 
spark])lugs in the cylinder bolding compressed g:is and starting the engine. 
Starting is iu*t as jiositive by ibis system. A typical wiring diagram for 
Fiat A20 engine is shown at Fig. 816. 


Timing Oidgrsm 
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Pig. 817.—Piping Diagram for Compresaed Air Starter Used with Fiat Aviation 

Engines. 

The Fiat Air Starter.—As an exanijile of a foreign dcvelojimcnt of an 
efficient air starting system, the writer presents that used on Fiat twelve- 
cylimler Vec engines iirevkmsly described. The piping scheme is shown 
at Fig. 817. It consists of an engine driven air dislriluilor limed in proper 
relation to the valve timing, ihe <listribiitor Iwing connected to the cylinder 
check valves by flexible tubing. A c<intnd iianel. as shown in scetbm at 
Fig. 818, c< nil bines a small priming tank which holds a (juantity of fuel 
sufficient for several starts. The main air su|»p1y is carried in an air tank 
and compressed air may l>e ol»taincd from a hand pump or frt»Tn a small 
engine driven air pump or air bottles may 1>e used. As will be seen from 
sectional view of control panel, small check valves permit air U» go to air 
tank from either motor air pump or hand pump. When the air valve button 
is depressed to open the main air valve, ihc comprcs.sed air under pressure 
flows from the tank through the control panel, picking up some priming 
fuel on its way, then to the distributor to the cylinders in their proper 
firing order. The compressed air moves the ])istons dmvn, the fuel charged 
mixture fires just as gas from the carburetor would and the engine picks 
up its cycle, The grouping of the priming tank ana fuel control cocks 
with the air valve and pressure gauge in one neat panel greatly simplifies 
the asseml)]y. 
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Early Air Starting System.-^l'he "Christensen'' air starting system which 
was one of the pioneer forms which has been used in airships in the original 
or modihed form is shown at Fig. 819. An air pump is driven by the engine* 
and this supplies air to an air reservoir or container attached to the fusel¬ 
age. This container communicates with the lop of an air distributor when 
a suitable control valve is open. An air pressure gauge is provided to enable 
one to ascertain the air pressure available. The top of each cylinder is 
provided with a check valve, through which air can flow only in one direc¬ 
tion, i.c., from the lank to the intericjr of the cylinder. Under explosive 
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Fig. SU.^IHaframj Showing Constnicdon of Fiat Air Starter Control Panel which 
Incorporates Priming Tank and Control Valvet and Pressure Gaufa. 
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pressure these check valves close. The function of the distributor is prac* 
tically the same as that of an ignition timer, its purpo.se being to distribute 
the air t<» the cylinders tif the engine only in the ])roper firing order. All 
the while that the engiite is running and the car is in motion the air pump 
is functioning, unless thrown out of action by an easily maiiipnlatecl autO' 
matic control. When it is desired to start the engine a starting valve is 
opened which iicrmits the air to flow to the top of the distributor, and then 





Pig. 819.—Parts of the Christensen, a Pioneer Air Starting System Shown at A and 
Application of this Early System to an Eight^Cylinder **Vce'* Type Motor at B 

Showing Check Valves and Piping. 

through a pipe to the check valve on toji of the cylinder alK>ut to explode. 
As the air is going thremgh under considerable pressure it will move the 
piston down just ns the explosion wt»ul<l. and start the engine rotating. The 
inside of the distrilniti»r rotates and directs a charge of air to the cylinder 
next to fire. lu this way the cngiite is given a miinher of revolutions, and 
finally a charge <»f g^is will be ignited and the engine start tiff on its c^clc 
of operation. The parts shown at A arc for a six^cylindet engine, the instal¬ 
lation at D shows the method of mounting the air distributor and the piping 
leading to the check valves in an eigb*-cvlu^der Vee engine. 
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The Heywood Injection Air Starter.—One of the late:;t Aircraft acces¬ 
sories on the market to make aviation safe ami tn carry to the |)tnnc a 
modern decree of convenience is the UeywoiHl lli^li IVcssnrc Injection 
starter mamifaclttrcd l>y the MeywiHKl Starter CoriMiralion, Mctroil. Michi¬ 
gan. The HeywomI starter is for use on engines in airships, seaplanes or 
land planes ami large trucks, tractors and busses. A number of aircraft 
manufacturers are m)\v C(|ui])ping their products with this accessory as the 
modern engine used in commercial aircraft makes such a starter a necessity. 
It is well suited for aviation use as the average weight of the system is 
only 27 |ioun<ls. and its use eliminates hand-starting and cranking inasmuch 
as it is operated in the same manner a.s the starter used in the modern 



Fig. 820.—Air Compressor and Distributor of Heywood Air Starter has Standard 

Starter Flange Mounting for Attachment to Motor. 

automobile of today. The pilot, seated jn the c<Kkpit of his plane, merely 
pulls the starting button; and due to the rapid operation of the starter's 
mechanism, the engine resprmds almost instantly. The Heywood starter 
has been under lest with the gcwcrnmcnt for the last three years and has 
l>cen accepted to a point where several engine manufacturers arc designing 
their engines for its adaption. One of the severest tests was on the engine 
of the .successful pi*ane which was used by Captain Wilkins tn his Arctic 
Expedition, the starter functioning |>erfectly in extreme cold temperatures; 
also was used on the Stinson plane which won the National Air Tour of 
1927. 
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A general clescnptpcm of the Hey wocmI starter is as follows: 

One s'yze of HeywcMid TTijjh LVessurc Jujeclum starter is suitable for 
small atitomoliilc engines and n\> to KOO horscjH»\vcr aviation en^nes. The 
starter tank wliich is govcriie<l at 4tX) |iciuih1s pressure of air is 26 inches in 
len^b aii<] six inches in diameter and supplies the jhisvct to start rotation 
and the injection to run the engine. The compressor which is shown at 
Fig. 820 and which is driven by the aviation engine never requires over 
one^uarter horsepower and is capable of refilling the tank with air which 



Pig. a21.^Showing Application of Heywood Air Starter to Wright "Whirlwind’* 
Si^ine. Note Pipe* Leading from Distributor to ComWned Cheek Valve and 

Sparkplug Pittings on Cylinders. 

is used for one start in about one minute. The weight of the complete 
starter averages 25 pounds to 30 pounds according to«the adaption. The 
method of fitting the compressor to a Wright "Whirlwind** engine is shown 
at Fig. 821. When starting the engine, the pilot primes in the usual way; 
but the gasoline used in priming d<»es not go to the cylinders or in the 
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manifold of the engine but goes into a carburetor or gas chamber on the 
starter where it us held until the starter button is pulled. 

The operation of the starter is as follows:—The engine is primed in 
the usual way. The ignition is switched on, and the starter button is 
pulled. This pull allows the air to be release<l from the tank and goes 
through a tube to the starter into a cham1>er where it comes in contact 
with a rotating disc that has l>een timed with the engine. A hole in this 
disc allows the air to go through into a stationary disc to the proper tube 
leading to the cylinders which arc on their ix»wcr .stroke thereby starting 
the engine in rotation. Simultaneously, part of this air in front of the 
rotating disc goes through a smaller hole back in on top of the gasoline that 
was put in the gas chaml>er by priming and starts forcing that gasoline 
through a small carburetor nozzle that pn»jects through the center of the 
rotating disc up to a hole that opens to the stationary disc leading to the 
pipe that goes to the cylinders coming up under compression thereby 
giving these cylinders a richly carbnretted mixture ready to fire; and the 
ignition being turned on, the engine starts running. During this action, 
the air keeps on forcing the pistons down on their ]>ower strokes, and the 
gasoline continues out of the gas chamber to the cylinders on compression 
until the gasoline has been exhausted from the starter gas chamber, which 
is sufficient to start any efficient engine under any weather conditions. 
The average engine is rotated by the 1 ley wood starter from 400 to 500 
r.p.m. In the end of the starter tank, there is a governor which controls the 
pressure when it reaches the adjusted |H>int, usually 400 pounds. After 
starting, the automatic governor device allows the refilling of the tank with 
air until the pressure comes up to the adjusted point again. 

It is believed by the makcr.s that the upkeep is far lower than that of 
any other starter. From instructions furnished by the makers Service 
Department, the ordinary aircraft mechanic can make the complete instal- 
lation. One a<lvantageous factor of the Hey wood starter is that no damage 
can come to the aviation engine from the starter's use which eliminates the 
damage that is customary from backfiring and also allows starting or use 
of the starter while on flight which would bring about a noticeable mo* 
mentary acceleration of the engine. Also another factor is the reduced 
stress on the parts of the engine when starting by a cushion start effect. 
Also when using a multbengiued plane, the pilot can start either or all 
engines from the cabin or pilot's seat. The starter can also be used in test* 
ing new engines allowing the operator to have from ten to twenty starts 
with one tank of air before it is necessary in allow the engine to run to 
make a refill. Lubrication is taken care of from the oil line of the aviation 
engine and needs no care. The principal Innin of the llcywix^l .starter to 
the aviation enthusiast is that it spins the engine at a fast rate and needs 
only one man to make the start aiTording simple assembly .ind ease in 
operation. 

Eclipse Hand and Electric Inertia Starter Series VII.—'fhis starter 
.^^own at Fig. ^ which f»|ieratc8 on the |>rinriplc of the .storing of energy 
in a flywheel, was designed to fill the need for a light and efficient unit 
capable of cranking an airplane engine at high speed and satisfactorily 
starting the same during cold weather without the use of an auxiliary 
booster magneto, or like devices. The Series VI i starter is recommended 
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for use with eiipiuc.s v( 2,500 ciif>ic inch <h*spJacenicnt, or smaller. The 
advantages (if this type starter arc ohvuius. The operator is enabled to 
make a start either on the ground or in the air merely by pressing a push 
button. This feature will be found particularly valuable in the case uf a 
forced landing or with an engine .stalling in flight. Cold weather starting 
is greatly facilitated because an in.stantaneous speed of approximately 125 
r.p.m. of the engine crankshaft is attained, and this speed insures delivery 
of gas to the cylinders and also permits of starting with a fully advanced 
spark. Attached to a standard Liberty engine, five to .six complete revolu¬ 
tions of the propeller are obtained from tme loading of energy in the fly¬ 
wheel. The amount of current cunsunie<l is entirely independent of the 



Fig. 622.«Eclipse Aviation Engine Start ers. A—Combination Hand and Electric 
Inertia Starter. &->Concentric Type Inertia Starter. C^Hand Inertia Starter. 

Stiffness fit tcinpcratnrc of the engim*. as the electric motor is merely used 
to accelerate a flywheel to a maximum s|>ecd of a]>proxiinately 16.000 r.ji.ni.. 
whereas in Ihc electric starting motor type, the cranksha^ft is turned directly 
hy the motor annature through gearing. 

The starter as furnished can be o])cratcd at will cither manually or elec¬ 
trically. If. however, electrical equipment is not contemplated on the 
plane, the starter can be furnished without the electric motor, as shown at 
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F^g. R22 C a cover plate being mounted in Us place. In such a case, how¬ 
ever, the motor can he applied at a later lime without any change lUher 
than the removal i»f the plate, and the applying f»f a motor, which is held 
in place hy four screws. 'The weight of the coinhiiiatuni unit is 35 (hhiihLs. 
With<ml the electrical altachiiicni the weight is 17 j ion mis. Despite its re¬ 
markably light weight, the device is suftieienlly rugged to ojieratc satis¬ 
factorily indefinitely. 

The flywheel is brought uji to sliced either manually or electrically, and 
the energy stored in same is released at the will of the operator by manu¬ 
ally engaging it through a gear reduction drive, clutch and engaging 







Pig. $23.—Eclipse Combination Hand end Electric Starter. Crankshaft Can be Turned 
by Energy Stored in Flywheel of Starter which May be Rotated Either by Hand 

Crank or Electric Motor. 

inechaui.sin with the crankshaft of the engine. ITte clntch is of the inulti- 
])le disc type operating in grease, and ran be adjusted for any predeter¬ 
mined Uirque to suit the engine Ut which the starter is ajiplied.^'^The 
jmrpo.se of this clutch is to provide a discunnectuin in the <lrive in case of 
engine backfire, thus effectively preventing damage to any part of the 
mechanism. The electric motor is arranged to automatically engage with 
the flywheel upon clo.sure 4>f the electric circuit, and to disengage w'hen the 
circuit is broken, thus relieving the starter at all times of any losses due to 
brush friction, particularly when hand cranking. - The normal speed of the 
flywheel is 16.000 r.p.m. when accelerated electrically. ’I'hls speed can 
easily lie reached ijianually. and even exceeded. In some instances, how¬ 
ever. it is j>ossib!e to effect a start with a flywheel spee<l as low as 9.000 
r.p.m. From this an idea can lie formed of the amount of reserve jxiwer 
present when the flywheel is fully accelerated. Thu minimum speed to 
effect a start can lie procure*! electrically in frtnn two to four seconds time 
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with a normal l>altcry. En*m twelve to hmrleeti seconds is required id 
attain iiinxinmni flywheel s|>eetl. When arcelenitiiiff hv hand, maximum 
spee<l can he ())>taluc(l in alnmt mte niitiutc. <lc|»ciulin|,f ujxni the <i))eratf»r. 

The elcclrfc is (Icsig'ned to oj>erale in ccnijunction with a twelve 

volt airplane type st<irape battery. 'I'lie average current c<nisumption is 
120 amperes. Assunriii^ that a fifteen ampere, fifteen volt jeenerator is used 
at normal cruising speeds, an empty battery should l>e completely replen¬ 
ished in from five to six minutes time. Application of the unit can be made 
to practically any existing type of engine. Eighteen holes, twenty degrees 
apart are located in the mounting flange of the starter to permit of mounting 
the same at almost any desired angle, thereby greatly assisting in its easy 
application. If desired, the starter can be mounted in a completely inverted 
position without affecting its operation in any way. Provision ha.s been 
made for cranking by hand from either side of the plane as desired, aiul in 
addition the hand crankshaft can he varied through a fifteen degree angle, 
either upwards or d<»wnward5 with respect to the center line of the starter. 
This feature, combined with the ability lo rotate the starter at the mount¬ 
ing flange, makes ]>ossible the location of the hand crank in the most 
accessible |K>sition when applying the starter to the ship. A manual hand 
crank with fixtnrcs is furnished with each starter. Moving parts arc com¬ 
pletely enclosed and protected against ingress of dust. No lubrication of 
any kind is required, as the starters when shipped from the factory contain 
sufficient lubrication to last indefinitely. The inertia starter is also made in 
the concentric f<iTm as shown at Fig. 822 B, well adat>ted lo radial engines. 
This type is dcscribe<( in detail as it is a very popular type. A modified 
form permits of cranking from the cockpit, making a one man start possible. 

Eclipse Electric Starter, Twelve Volt—This starting motor shown at 
Fig. 823 has been designed lo mount at the igiutifui end of the Lil>crty 
twelve-cylinder engine, and is also applicable to such engines as the Curtiss, 
Wright and Packard, etc. The application of this type of starter has been 
considered standard by aviation engine manufacturers, and a1m<»st all of 
them are building their engines to receive this starting motor. This motor 
is furnished as a combination electric and hand unit. If desired as an elec¬ 
tric starter only, it can be furnishe<l without the hand nltachinent. 
Practically all of the iustallati<»ns of this starter arc in the form of the 
combined electric ami hand unit. The starting motor operates in conjunc¬ 
tion with a suitable twelve volt battery, of a si>:e depending upon capacity, 
as well as other uses to which the liattery may be put. Batteries are 
obtainable in weights ranging from 35 pounds to 70 pounds. Detailed 
information on batteries may he obtained direct from the battery makers. 
The unit will crank a standard twelve-cylinder Liberty engine at a speed 
of approximately 30 r.p.m. It consists of a small electric motor geared at 
a ratio of 100 to I, the power of which is transmitted to an automatic 
engagement mechanism merely by closing an electrical switch contact. 
Disengagement is also effected automatically when the engine fires. A 
backfire release mechanism in the form of a multiple diic clutch is incorpo¬ 
rated in the starter to prevent damage to the driving mechanism in the event 
of a backfire. It is designed, in the form shown for engines of 2,000 cubic 
inches displacement or smaller. 
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A hand crank attachmcTit has 1>€cn incorporated in the desipfn nf this 
device, such that shoultl a storage lottery nut he available, the device may 
lie used as a suitable hand crank, a rcdiiclinn of a)>j>ri»xinutely 

twenty to one. and tisini; the same aiilomatic nieshiiii; aii<l detneshin^ 
mechunisni. as well as hackhr^datna^e ]ircvenlion device, as when the 
device operates as an electric starter. Means have also been ])rovi<lcd for 
preventing; backward rotation of the hand crank in case of backfire, thus 
preventing any p<»ssibi1ity of injury to the ojierator. This hand crank 
attachment has been designed so that the engine can l>e cranked from either 
.side, and by turning the crank handle in either direction, merely by the 
interchange of parts when assembling the hand crank unit. For ontlHiard 
engine installation, that is for multicnginc airplanes or airships, a mag- 
iietically-opcrated. remote control solenoid switch and pilot push button 
switch are presided. This saves starling cable weight and makes for 
complete control of the electrical starting equipment within reach of the pil<»t. In 
addition to this. muUienginc ships may l>e operated from a single battery. 
Tlic t<ilal weight of the complete unit is 34 pounds. The al)ovc unit is 
suitable for engines np to 450 ht)rsc|K»wcr. Provision has been made for 
applying a larger electric motor with additional weight of 4}/i pounds for 
engines in excess of 4S0 h<jrscpowcr. 

The Bristol Gas Starter.^The large Rcardmore engine previously shown 
and other large engines arc said to l>c easily started by the Hristol gas 
starter, despite large size. 'Die starter consists of a small air-cooled, single¬ 
cylinder. two-cycle engine driving a pumping cylinder that draws a supply 
of gasoline vajior and air from the carburetor of the starter engine and 
delivers it under pressure to the cylinders of the main engine. The delivery 
of the mixture to the latter is controlled by a small disc-valve distributor 
driven from the main engine at half the crankshaft speed and arranged so 
that the mixture enters the cylinders, first on the firing stroke and secondly 
for a ])art of the imUiclion stroke. To avoid the loss of pressure which 
would occur from the escape of gas through the open inlet valves on the 
induction stroke, the pc»ri in the distrilmtor is first closed this period by a 
s 3 )ring-Ioa<led mushnwn valve, but when the main engine )>cgius to turn freely, 
a hand lever is raised to open the valve referred to. gas then being admitted 
on the induction stroke. After a complete revolution in this condition, the 
cylinders and the whole of the induction system are thus filled with gas. 
Although the starter engine has only one cylinder, it is fitted with a 
two-cylinder type magneto and the second ignition lead is connected to the 
distributor of the magneto of the main engine. For the first part of the 
starting operation, this second lead is short'-circuited, but when the main 
engine is turning freely and lias lieen filled with gas as described, the 
short-circuiting switch is opened and the engine then fires and picks up on 
its own carburetors. A nonreturn valve is fitted in the starter connection 
to each cylinder of the main engine to isolate the starter when the engine 
is running normally. 

The starter will *maintam a gas pressure of 140 pounds per square inch, 
and it is capable of starting high-speed gasoline engines with cylinder 
capacities up to 2,500 cubic inches or slow-speed oil engines up to 5,000 
cubic inches capacity. An important feature of the arrangement is the fact 
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that Ihc (inly connections !)etwcen the main engine and the Matter arc a 
small-lK>re and a hi^h*lcnsioii lead, ami it is llins ^losslhlc lo locate tlir 
starter In atiy conveineril jiosilion up lo twciily feel from the engine. The 
weight of the ^tarter unit is 50 |Hiniids. so lhal it is suitalile h>r use with 
aircraft enjflnts, and, us the starter euyine can he ntn eontimionsly without 
ove^lu!atln^^ it can he used for cln\mff auxiliaries siicli as wireless j^encra- 
tors at such limes lhal the i»lane is tiol in ili«ht. a ver> convenient thin*? 
if a larpfe seajdane was forced to alii^hi away from shore or a commercial 
airplane had to land in a remote locality, 'riie small ficneralors ordinarily 
used for radio current arc usually dri\en hy small air propellers that will 
turn only when the airplane is in flictht. s(»a pouer driven unit will make the 
radio ojieralne even when the airjdniie is not in th^^hl dtic to failure of the 
main powerplnnl. 

Eclipse Series “6** Starter.— 1‘hc eclipse aviation entwine starter series 
“6.*' is furnished in the following mukIcIs: 


li'fUi Tvf'r “.4" Itamf Cniitl' it'ith V‘.v/»r Oruii* 


Mmirt 

Kifhilum 

hlaitfii' to Jiiti' 

Modt’i 


M-PMKI 

vlm*k 

i-7/ur 


lit n'k 

M FXW 

aMti'Cl<M*k 

x.o/ur 

M-hKU 

4111 i-c lock 

M-pn8 

clock 

U'f/vr 


cliK'k 


The Scries Starter is of the ec»iu*(‘nlru* inertia type. AUhongh 
|>articularly adajnahic to engines of the radial type. il is e'lnally suitable 
for starting those of the \>c ty|>c. as well ns tho.se with cylinders in line 
and will perform efticicntly on engines Mi» to and inchnling l,.VXI onlne inch 
displacement. Operation depends the storage of energy a dywheel 
which is lirought up to a high .sjK'cd hy niamial (►pernlum of the hand crank. 
'J1ie high speed is altainetl through innhiple gearing. 'Vhe stored energy 
is then dishnrsed at the will oi the oiierator in cranking llie engine. In¬ 
cluded in the mechanism is a tor(|ue-<»verload release, which prevents ab¬ 
normal stresses in the iiuvlianisin. should the engine hack-kick while 
cranking. A sectional view of the device is shown at Fig Hi4. 

The drive fnnn the flywheel to the engine jiasses thnmgh the following 
stages From the flywliccl. through spnr-gearing. to a counlcr-shafl, which 
is in turn sinir-gcared to an internal gear having an itilcgral .sun pinion, to 
a final planetary drive. The idnnetary gears arc imumled in a cage Imill 
into the end of a barrel assembly and mesh with a stationary internal gear. 
Thc barrel assemldy rotates at engine eranksbaft s]»ecd. The drive then 
passes through the ton|ue-overload release, which is in the form of a 
multiple disc clutch ntider adjustable spring pressure, to an iutcrnally 
threaded nut inemher within which is threaded a longitudinally slidable 
screw shaft .splined to the starter driv lug jaw at its (»uler end. 'I’hc meshing 
jaw is advanced through the nuHlinm of a coinprcssion spring and may he 
withdrawn by direct pull from the otierating rud if for any reason the 
engine does not start and comes to rest with the jaws in mesh. All bear¬ 
ings are of the ball type and arc statidard excej)t for those mounting the 
driving barrel. 'I'hcsc arc of the built-up cone type, and adjustment is 
provided for assembly pnri>oscs. h'ifty-cighi Wst <|uaHty sled balls are 
used at each end. 
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To apply this starter to the cn^fitie. remove the crankcase i)latc covering 
the opening to l>e occupieil by the starter. E\amine the end of the crank¬ 
shaft, ascertain if the engine jaw is the pmjicr and make sure that it 
mates with the corresponding jaw on the starter, lieforc proceeding 
further, be definitely certain that the ontermost pinnt of the engine jaw 
is inch fri^m the crankcase flange. However, in applying to Wright 

engines of the series, the <listance from the crankcase flange to the 
cuitCTtnosi jKiiiit id the engine jaw is Pjift inch. 'I'hc difference is taken up 
in the starter jaw, which is the only pari affcclerl. In any ease there 



Fig. 624.—Sectional View of Eclipse Series 6 Concentric Starter Showing Internal 

Mechaniem. 

shonlil be approMinatcly inch clearance l»ctwccn the engine jaw and 
starter jaw \vlu*n {he latter Is out of incsb. This should always be chtHrkcd 
when making an appbeation. {See application dimensional drawing Fig. 
82S.) 

The engine jaw is usually splined and mates with corresponding .splines 
on the end of the crankshaft e.Ktension, or, in engines using an impeller, 
mates with splines on a cimnUT shaft geared to (he crankshaft. In moat 
eases it is held in place Icmgiludinally by means of a long screw extending 
through to the crankshaft li» wliich it is threaded anti liH*Wed by a heavy 
positive lock washer, 'riie slutls used for boiling (he slarier to the engine 
arc furnished with the engine Suindard mils and lock-washers are used. 
Starters applied ti» engines 1<» niesli direcily nidi (he crankshaft and to 
crank engine in a ckK*kw*ise ndntion (liHiking at the rear of engine) should 
he so niounted as to liring the hand crankshaft (Urongh the right side of 
the fuselage. The hand crank is then turned in a clockwise direction, the 
operator facing the pn>])<:ller. For engines ecpiipped with blowers and in 
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which the starter applies to a geared shaft to crank counter-clockwise 
(looking at the rear uf the engine) the starter is mounted on the engine 
so as to bring the hand crankshaft through the left side of the fuselage. 
The hand crank is then turned in a r<^unter-c lock wise direction, the opera¬ 
tor facing the propeller. 


nrui:KMA\sj. iaY>M’T*ccuj‘Mr <* sTABtER-ror< T\ru -a' crank 



RHJOirT • A IB'OIMR TINM WMCA*>MM )•* 



MAXn nCANK AKT IJ>TLY^HlX WJ-U A*- fHtTAniAHU! 


Pig. S2S.«Eclipse Series 6 Starter for Tfpe A Crank. 

The cranking shaft extending from the starter carries a hall and pin 
drive and provides for any slight mis-alignment of the hand crank assembly. 
Full details of han<l crank ccm.structioD arc shown in Figs. 825 and 826. 
The hand crank assembly cimsisls of a criink handle proper together 
with an exten.wn liildng assembly. This extension assembly may be ad¬ 
vantageously applied in either of the following |)«>siticMis: 

The extension a^scmMy may 1>e permanently pinned jo the crank handle, 
thus ])ermilting the cut lie crank as^end>iy to be applied to the starter shaft 
and renutved at will as shown at Fig. H25. 

The extension assembly may be permanently pinned to the starter shaft, 
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thus leaving the crank handle only to be attached or detached as desired. 
This assembly is shown in Fig. ^26. 

In either case, a .s]dral is used to autoiualically disengage the lund 
crank when the t>]ierator ceases cranking. \u»t either methnd of application 
the outer end of the cxlcnsitin tubing assembly is supported by a support 
bearing, (not furnished) mounted on the side of the fuselage. 



Fig. 626.^Eclipae Series 6 Starter for Type B Crank. 

In order to obtain maximum strength and reliability for a given weight 
the extension assembly is made of three individual {>arts consisting of two 
substantia] heaMrcatcd steel ends, tvith a piece of tubing between. If the 
extension tubing is too lung for any particular applicatiim, one jaw may be 
removed and the tubing severed to the re<|uircd length, and the jaw re* 
attached. Importaiit:~The supporting 1)earing should be applied to 
the steel end. into which the crank handle assembles, the 1>earing being 
located between the two pins. In no case should the support be taken on 
the intermediate tubing, as such an installation places undue bending 
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stresses on this latter ]>arl and lieiulinK will ocewr. However, the crank- 
handle assembly is so strong and durable that no bendinjf or (►ther tliflicidty 
will hr o.NiKTk’iue<l if llivse instruclions are followeil. All iiins used an<l 
furnished with the crank handle a^>enibly are of heal-lrcated chnnnc nickel 
steel an<[ no jiins or Udis other than those furnished slumM he substituted. 
The same exteusiou assembly luay be used b»r starters of either direction 
of rotation. 'Phe stnral sl4»ts in the steel cn<ls are of ojiposiic direction, 
and tiia.sniucli as otily one spiral slot is used, choice of diriYtion of rotation 
may be had. 




Pig. 827.—Chart at Top Showa Relation of Flywheel Torque to Clutch Setting. Lower 

Illustration Shows Set-Up for Measuring Clutch Value. 

The crankin^t shaft cxtcn<hnff from the starter, with which this type of 
hand crank is used, has in its end an internal tapered hore to receive the 
hand crank assembly as shown in Fig. 826, The hand crank assembly 
consists of two units, a crank handle projjcr and the extension assembly. 
The extension assembly is particularly designed to 1)C permanently pinned 
to the starter shaft, leaving the crank handle only to be attached or de¬ 
tached as desired. The extension assembly is inatle from thin wall heat- 
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ircatcil .steel the en<l heintj rc-iufnrccd with a steel )>lug. The end 

nf the liihing is la|jcretl such that after being i>inncd tc* the starter shaft 
then* is surticicnt iinixersal actiMii to provide ft»r any slight inis-alignment 
of the hand crank assembly. The one end <d the e.\tcnsic»ii assembly is 
pinned ti» the starter shaft with a J'l inch diameter i»in which is a snug 
lit in the starter shaft but a clearance lit tlinmgh I he estensum assembly, 
thus permitting luiKcrsal action 1>el\veen the two. This pm is held in 
place by means of a cotter jhii. The op|>ositc etui of the tubing is ]>inned 
to a hardened steel end t>iecc which engages with the hand crank through 
a sjnral shit, liy the use td this sjural slot the hand crank is automatically 


1736 


MODERN AVIATION ENGINES 


disengaged when the operator ceases cranking. Important:—The 
supt>ort hearing shttiiUl be applied to the steel end into which the crank 
handle assembles, and not to the smaller diameter tubing. Care should be 
taken when mounting this bearing to line it up as closely in line with the 
starter shaft as is pos.sildc. This tyj>c of hand crank assembly is obtainable 
for starters of cither direction of ndation. 

The starter is nieshe<l by means of an operating r<id extending from the 
starter, at the t>rotruding end of which is keyed a lever with two arms at 
right angles. This provides for connecting an operating linkage running 
either to the .side of the fii.^iclage. to the cockpit, or Ixith, as is desired, 
1'his lever may be adjusted to any ninety degree |>o5ition required. AU 
though it has been found that a flexible wire may be used, the makers 
reconunendatiou is that a stiff rod be provided to manually oj)eratc the 
starter engagement, iuasnuich as. should the engine fail to start, it may he 
necessary to withdraw the starter jaw from engagement with the engine 
jaw, the acemnplishment id which necessitates pushing the rotl inward. 
In Trn>st cases the starter jaw will withdraw aut<nnatically, but if it shotdd 
not the ai)ovc i>pcration may be resorted to. When the engine fires, the 
disengagement is automatic. 

Operation of Eclipse Series Starter.—To start the engine, put the 

bantl crank in ]>lare. Inspect the ojicraling t<k\ and make certain that the 
rcKl is in the disengaged |N)sitiim. assuring that the jaws are demeshed. 
Revolve the crank handle in proper direction of rotation. Rest results are 
obtained by starting the cranking operation rather slowly without exerting 
any great force until an a]>prcciahlc speed is attained, then exerting greater 
j>ressurc on the crank handle as the s|>ecd increases. Efbcient starting 
results arc obtained at a maximum crank handle speed of 75 to 80 r.p.m. 
When maximuin s(>eed is reached remove the crank handle and with the 
spark advance lever fully advanced, turn on the ignition switch and pull 
the operating rod. It will be found that the use of a Itoostcr magneto is in 
most cases not necessary hut if used will naturally facilitate starting, par¬ 
ticularly in cold weather. When the engine starts, no further attention 
to the starter is necessary, the disengagement being automatic. If. how¬ 
ever. the engine fails to start, push on the operating rod to insure disen¬ 
gagement of the drive and repeat the operations <nitlined above. 

Maintenance.—This starter .should operate for thousands of .starts with¬ 
out any attention whatsoever. Do Not Lubricate. All st<irters are 
properly and sufficiently lubricated at the factory. The addition of further 
lubricant will undoubtedly l>e injurious, as successful operation depends 
upon the free rotation of parts and iinpro]H:r lubrication will be detrimental. 
Should any trouble be cx|>crienced with the mechanism the makers em¬ 
phasize that it is their preference that the starter be removed from the en¬ 
gine and returned to the factory for necessary attention and prompt service 
will be rendered. If. perchance, the starter may have been disassembled, 
it is highly iin|Hirtant that it lie entirely cleaned iKjfore reassembling. After 
cleaning, oil the flywheel 1>earings with a sfir/ht amount of a good grade 
of light oil. also placing a slight amount of light beating grease between 
the two ball bearing assemblies, hut actually on the hearings themselves. 
All other t>art8 should l>e covered with No. 32 Grcdag. It is extremely 
important ttiat uo other lubricant than that specified be used. 
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CAUTION for any reason the starter should be taken apart, be 
extremely careful that the following precautions are observed: 

1. Sec that lever may l><* freely maiiipulated. 'J'he travel nf tlie 

starter jaw shoulil he inch. 

2. See that starter can he turned over hy applying rolalion, hy hand 
only, to exposcti end <if the driving harrel. 

•V See that starter jaw has Ym inch endwise travel under sj)ring t>rcs» 
sure when holding ot>crating rod in outuMncsh i^osition. 

4. See that the driving barrel has no appreciable skIc or end play. 

5. The clutch must l>e accurately reset to 500 bnit piuinds. Tc»o low a 
value will prevent cranking of the engine while too high a value niay 
cause serious Injury in cither the engine or starter mechanism. 

Clutch Setting.—All Series ‘*6** starter clutches arc carefully set at 500 
foot pounds at the factory, prior to shipment. No alteration in clutch set¬ 
ting .should he necessary throughiutt the life of the starter. If, however, 
it is <lcsired to rc<hu*e the setting to )>rc»tect an engine drive, or increase the 
setting to oiierate an engine ri*i|uiring a greater torque than that for which 
the clutch has been set. remove the clutch a<ljustnient nut and insert 
a spanner wrench in the holes provided therefor in the adjustment nut. 
Turning the nut in an an tin-lock wise rotation reduces the bctling, w'hile 
turning it In the iliK-kwisc direetkm increases the setting. Inasmuch as 
the clutch adjustincnt h»ck also locks the barrel adjustment of the liearings 
on which the barrel assembly is UKUintcd. great care should be taken not 
lr> disturb this atljuslmenl when resetting the clutch. The safest method 
is to exaniitie the beanug adjustment carefully after making a clutch adjust¬ 
ment and reset if necessary. 

When starters are shipped from the factory, a dust protection, in the 
form of a cover, is mountetl on the forward end *»vct the starter jaw. This 
is for protectum during shipment to exclude fcjreign matter from entering 
the starter f^carings. 'riiis cover should not l>c rennwed until mounting 
the starter to engine and slioiihi then be returned to the factory at Hoboken. 
New Jersey. U. S. A. 

Determination of Clutch Value.—If the ]>osition of the clutch adjustment 
nut has been disturbed or the clutch reset, or if lor any other reason it 
is deemed necessary to measure the tonpic value, tlic pr(Kre<lurc as outlined 
below sh(»uld Ik; followed. The method used and the aj^paraliis necessary 
€are .**ho>i'n in Fig. 827. 

The apparatus consists of the billowing parts: 


Supporting Housinij .Part Na 4306 

Flywheel Clamp mini l.cvcr Atm.Pari No. 4307 

Spring Scale .Part No. 4311 


The supporting housing is designed l<» he mounted to the starter flange 
and doweled to two opposite holes iu the flange. On the inside of the hous¬ 
ing, in proper position to register with the teeth in the starter jaw are three 
pins rigidly mounted in the casting, for the piiri>ose of li>cking the driving 
end of the starter against rotation. The htmsing is so shaped that it may 
act as a stand to support the starter on the work hcnch. For the purpose 
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f»f incasnrinp: torque at the flywheel n flywheel clamj^ arm "AIV’ is pr<i‘ 
vided, havinu an auxiliary lever arm “HE** ]>ivoted to the clamp arm at one 
end, Willi moans for mninuint; iho spriiit^^ scale Urtween the opposite jiro- 
jectifm *‘A” of the flywheel clamp arm and the lever With such an 

nrranpctneiU handle “D” may he pnlle<l. maintaining the angle '*EAC'* 
90 degrees, 

To measure the torque of the clutch proceed as followsRemove the 
cotter fiin and meshing tckI nut from the end of the meshing rod of the 
starter, and then remove the lock ring ami starter jaw, Hy inserting a knife 
hlatic Ivetwcen the housing ant! the l>aflle plate, the latter may then he 
removed. After renuo ing the hafllc plate, the starter jaw and the meshing 
rod nut may then l>e rc-asscinhled and the starter mounted to the support¬ 
ing housing, jaw end down, so that the starter pilot registers with the bore 
in the sup]iortiiig housing, also registering the dowels in the latter with 
two opixisite ludes in the starter flange. Rotate the flywheel, if necessary, 
to register the pins in the lunising with the three teeth on the starter jaw, 

Remf>vc the flywheel cf»vcr and jdacc the flywheel clamp arm around 
the flywheel, locking it tightly thereto. Care must be taken to prevent 
accuniiilallon of any dust or dirt at the flywheel omi of the starter, as the 
flywheel is rotated on high speed ball l>earings and the entrance of dirt 
at this jxiint is highly dririmental. 

Hc^ok the end <»f the scale in the hole in the en<l “A” of the clamp arm, 
and the opjjositc cud in the hole “JV* in the arm "BE**; then jiull cm the 
handle. When taking a reading, the flywheel shouhl be rotated at as high 
a speed as is possible consistent with maintaining a constant speed. In 
as much as the distance from the center line of action of the scale to the 
flywheel center is one hKil, the sc.ilc reading, after correcting for any 
initial reading, represents torque in (cm it pounds at tlic flywheel. 

After having taken a reading a.« descrihe*! in the latter paragraph and 
correcting bm initial reading, determine the clutch selling l^y referring to 
the curve at the top of Fig. H27. This curve .shcAvs the relati<m of flywheel 
torque iii f(K)t |x>uiuls plotted as the vertical ordinate, to the clutch setting 
in foot jiounds tortpie plotted as the h(»ri/.outal ordinate. For instance, 
at a nc»rnial clutch selling of 500 foot pminds, the spring scale should 
register 4.5 foot jKinuds ti»rque at the flyw heel. The curve has been niarkecl 
for a maximum clutch setting 000 foot pounds, which value shouhl jujI 
be exceeded in order not to oversfress the starter in the event of back-kick. 
The curve also indicates a normal clutch setting for engines of 800 cubic 
inches as 500 foot pounds, which has been found to be the most practical 
setting. Jn general clutch settings are dcpemlent upon the size of the 
engine, the torque capacity of the starter and the torque transmitting parts. 
Too low a setting will cause clutch slip]>agc in cold weather, while if the 
maximum setting is exceeded damage to the mechanism is liable to result. 

The engine jaw application in the case of the Wright "Whirlwind" 
engine is illustrated in Figure 828 A. in order to prevent oil splashed 
from the engine gears from entering at the central portion of the starter, 
an oil thrower (part No. II,MS) is mounted on a sluiuldcr on the engine 
jaw (part No, 11.526) and clamped l»etween the crankshaft extension and 
the engine jaw by means of a Indt tpart No. 11,765) and a lockwashcr. 
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Care must be taken to sec that the oil thrower is mounted on the shoulder 
of the engine jaw sn that it does not fall into the undercut at the end of the 
splines. This can best be checked by screwing the bolt all the way home 
and then backing it off approximately one revolution. The thrower may 
then he gripped at the flats with the thumb and the middle finger and 
rotated to check for concentricity with rcsi)ccl to the crankcase, at the same 
time ensuring that no sulc-play is present. In this manner it may easily 
be determined whether or not the oil thnnver is properly located. The boll 
may then l)c retightened. 

An oil seal has been incuri>oralcd on all Series *‘6” starters as illuslratcd 
in Figure 828 IL This is to prevent seepage <»f <ul from the engine crank¬ 
case into the starter housings. A baffle plate is provided to ctjmplctely 
ciwer the |)orHon of the starter protruding into the crankcase, to protect 
the starter from oi! splash. A leather seal is also assembled within the 
baffle plate, back of the starter jaw, in the event that the oil level, for any 
r^son, approaches the n|)cning in I he baffle plate. 


QUESTIONS FOR REVIEW 

1. Name itiipr>rian( rlassificalions of ainihnc irislruincni^ 

2. Why arc enpinf inRlrunu'iits ininortant’ 

3. Name necessary instruments all airplanes should he equipped wiih and sUtc 
their purpose. 

4. What mcthiHls have hecn prujKjscd for alndaiic proimlsinn' 

5. What is the difference between an "adjustable" and a "variable" pitch ifropcllcr? 

6. Describe construction nf standard metal propeller. 

7. How is Curtiss«Rccd metal propeller made? 

8. Describe i Icy wood air starling system. 

9. What forms of electric starters are available? 

10. What is the value of pro|ieller siwed reilnrtion gearing? 

11. Dcscrihc Eclijibc .Series 0 Starter. 

12. Why is proper starter clutch spring pressure important? 
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Pig. 829.^Practtcii Hand Tools Useful in Diamantling. RepaiHns and Re^asapmbUng 

Airplane Engine Parta. 




CHAPTER XLIir 


SMALL TOOLS USED IN MOTOR REPAIRING 

Tools for Adjusting and Erecting-^Pormi of PUers^Mtscellaneous Tools^Hammers 
and Mallets—Special Forms of Wrenche^Use and Care of Files—Split Pin Re* 
moval and Inserting Tools—Complete Chisel Set—Hand Drilling Machines— 
Drills, Reamers, Taps and Dies—Types and Use of Reamers—Use of Taps and 
Die^Heaauring Tools, Calipers—Rules and Scales—Vernier and Its Use- 
Micrometer Calipers and Their Use—Hints for the Care of Tools—Typical Tool 
Outfits, Curtiu OX—Hall-Scott Tools—Napier*Lion Engine Kit—Hiipano*Suiaa 
Tool Kit—Stands for Overhauling Airplane Engines. 

Tools for Adjusting and Erecting.—A very complete outfit of small 
tools, some nf which arc furnished as part of the tool etjuipnient of various 
engines arc shown in group at Fig. K29, This grtmp includes all of the tools 
ncce.'^sary to complete a very practical I(it and it i.s unusual for the 
mechanic who is ccnitinually dismantling and erecting engines to possess 
even a larger assortment than indicated. The small I)ench vise provided is 
a useful auxiliary that can l>e cIani]K*d to any Convenient heiich or talde or 
even fuselage longenm in an emergency and should have jaws at least three 
inches wide and capatde of opening four or five inches. It is especially use¬ 
ful in that it will save trips to the bench vises, as it has adequate capacity 
to handle practically any of the small parts that need to l)e worked on 
when making repairs. A blow torch, tinners snips and soldering copper 
arc very useful in sheet metal work and in making any repairs requiring 
the use of soklcr. The torch can be used in any (»pcraticm requiring a source 
of heal. The large Iki.x wrench shown under the vise is ii.sed for removing 
large special nuts and s<nnetinic8 has one end of the proper size to fit oil 
drain chamber caps. The piston ring removers arc easily made from thin 
strips of sheet metal or hacksaw blades with the teeth ground off and 
surfaces gnuind down, securely brazed or soldered to a light wire handle. 
These are used in sols three fi»r removing and applying piston rings in 
a manner to be indicated. The uses of the wrenches, screwdrivers, and 
pliers shown are known to all and the variety outlined should l>e suffi¬ 
cient for all (ordinary work of resuoration. The wrench equipment is very 
complete, including a set of open end S-wrenches to fit all standard l)olts, 
a spanner wrench, socket or Imdx wrenches for bolls that are inaccessible 
with the ordinary type, adjustable end wrenches, a thin monkey wrench 
of medium size, a bicycle wrench for handling small nuts and holts, a Still- 
son wrench for pii>c and a large adjustable monkey wrench for the stub¬ 
born fastenings of large size. 

Forms of Pliers.—Four different types of pliers are shown, one being 
a parallel jaw type with size cutting attachment, while the other illustrated 
near it is a combination parallel jaw type adapted for use on round work as 
well as in handling flat stock. The most popular form of pliers is the 
combination pattern shown tieneath the socket wrench set. This is made 
of substantial drop forgings having a hinged joint that can be set so that 

1741 



1742 


MODI'RN AVIATION ENGINES 


a very witle npenin^ at the jaws is ikissiMc. These can be usc<l on round 
work and fur wire cutting as well as for haiulliuK flat \vt>rk. Round nose 
pliers arc \ery usefut also. I'lic iurtiiencc of acrtmautics on the design of 
small liaiul liK»ls is itidicaled in u srl of three special pliers now offered by 
the Kor^'vd Steel Mnsliiiis Company. Nc*wpc*rt, Renn.. under the name of 
the “Aviati^r Kit.’* Kectij^iizintr that liftfhl weijjht is an essential factor in 
nny item of airplane e(|titpnieiU. the.se pliers have l>cen designed with special 
reference to that rc(|uircincnt. hut their lightness entails no sacrifice of 
strength. They are hammer ff*rgcd from electric furnace alloy tiK>l steel, 

indivkliuilly imrdened in liquhl heat 
process and eU'Ctrically lemi'Jered 
throiii'h an<l through* in distinction 
tf» surfacc-luir<lcning. l*orenu»st in 
the gnnij) is a general use j^lier of 
exclusive design with a long thin 
nose brought to n decided ])oinl. Its 
chief features are hand-fihsi cutters 
iluit ait with east', deeply milled 
gripping teeth and end grip, adjust¬ 
able joint for expanding the gri]>- 
]>ing jaws and ’‘vacuum gri]>*' non¬ 
slip iKindlcs. Tlw length of this 
plii'f is seven inches. I'or wt)rking 
in confintxl sj>aecs inaccessilde to 
*»rclinary pliers, the mechanic will 
find the inch long needle ni>se intleri) a lwli»fnl adjunct. 'Hhs jmttern is also 
fined with cutters nml is <lecply TniMc<1 at llv extremity of the jaws for securing 
a tight hold- The han<lies and jaws are -spring lem]«red. The diagonal cutting 
iiip))crs. shown in the illustration, lucusitre six inches in length. 'j*hcy are light 
in weight, hut are Imilt fj)r heavy duty work. This .si>ecial Aviators Kit 
si town at Fig. X30 weighs «»uly eighteen ounces. 

Miscellaneous Tools.—A very complete set of fdcs. including square, 
half round, mill, flat hastar<l, three-cornered and ral tail are also necessary. 
A hacksaw frame and a number of .saws, some with fine teeth for tubing 
and others with coarser teeth for bar or solid .slock will be found almost 
indis|>ensal)le. A r<»mplete punch aud chisel set should l>c provided, sam¬ 
ples of which are sh<»wn in (he group while the crunjilcte outfit is outlined 
in another illustration. A mimlwr of different forms and sizes of chisels 
are necessary, as one type is not suitable for all classes of work. The 
adjustable end wrenches ran Ik? used in many places where a monkey 
wrench cannot be fitted and where it will he diflicull to use a wrench having 
a fixed opening. The Stillson pipe wrench is useful in turning studs, round 
rods, and pipes that cannot be turned by any other means thrmgh the care¬ 
ful mechanic makes as little use of this t(K)1 on finished parts as he can 
and then only to remove stuhl>om pieces that resist removal by other tools. 
Most piping used around aviation engines is thin walled'copper or aluminum 
tubing so the Stillson wrench is not as necessary as it would be in a 
plumber's kit or for shop maintenance work. A complete shop kit must 
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necessarily include various sizes for Stillson and monkey wrenches, as no 
one size can be expected to handle the wide range of work the general 
repairman must cope with. Three sizes of each form of wrench can be used, 
one, a six inch, is as small as is needed while a twelve inch t<K>l will handle 
almost any piece of pipe or mil used in conslniction of even large engines. 

Hammers and Mallets.^Three or four sizes of hammers should be 
provided, accf»rding to individual requirement, these being small riveting, 
medium and heavyweight machinist's hammers. A very practical tool of 
this nature for the repair shop can be used as a hammer, screwdriver or 



Pig. 831.~Wrenche« are Offered m Many Forma. 

l>ry iron. It is known as the ‘ Spartan*' haminvr and is a tool siccl drop 
forging in <itie piece having the working surf.icc.s properly hardened and 
tempered while the metal is distributed so as to give a good balance to the 
head and a C(»mfortah!c grip to the handle. The hammer head provides a 
positive and comfortable T-handle when the tool i.s used as a .screwdriver 
or "tommy** bar. Machinist's hammers arc provided with three types of 
heads, these being of various weights. The form most ctminionly used is 
termed the "ball pcin” on account of the shape of the portion used for 
riveting. The straight pcin is just the same as the cross pein, except that 
in the latter the straight jHirticm is at right angles to the hammer handle 
while in the former it is parallel to that member. Another useful adjunct 
is a soft head hammer in which lead or rawhide is used which is very handy 
for driving against finishwl surfaces. Copper hammers are apt to be too 
hard. A wood head mallet ami a rubl>cr head mallet t»r large hammer should 
be included in the tool equipment. 

Special Forms of Wrenches.—Wrenches have Iktu ni;ulc in infinite variety 
and there are a score or m<irc jjattcnis of different types of adjustable socket 
and i)ff-set wrenches. The variems wrench types that differ from the more 
conventional monkey wrenches or those of the Stillson pallem are shown at 
Fig. 831. The "perfect handle’* is a dn»ti birged open cud form provided 
with a wooden handW similar to that used tm a iiKniWey wrench in order to 
provide a better grip for the hand. The "Saxon" wrench is a double alii* 
gator form, so called l>ecnusc the jaws arc in the form of a V-groove having 
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one side of the V plain* while the other is serrated in order to secure a tight 
grip on round objects. In the form shown, two jaws of varying sizes arc 
provided, one for large work, the other to handle the smaller rods. One of 
the novel features in connection with this wrench is the provision of a triple 
die block in the center of the handle which is provided with three most 
commonly used of the standard threads including -inch-eighteen, ^-inch- 
sixteen. and 5^-inch-thirtccn. This is useful in cleaning up burred threads 
on bolts before they are replaced, as Inuring is unavoidable if it has been 
necessary to drive them out with a hammer. 'Phe "Lakcsule*' wrench has 
an adjustable pawl engaging with one of a series of notches by which the 
opening may be held in any desired position. 

Ever since the s<»cket vNrcnch was invented it has been a popular form 
because it can be used in many places where the ordinary open end or 
monkey wrench cannot l)e a|*i>lied <nving to lack of nwuu for the head of the* 
wrench. A typical set which has been made U> fit in a very small sj)ace is 
shown at D. It consists of a hamlle. which is nickcl-plulcd and highly 
polished, a long c.xtenston bar. a universal joint and a number of case hard¬ 
ened C(dd drawn steel siK'kets ti» fil all commcmly used standard nuts and 
bolt heads. Two screwdriver bits, one small and the other large to fit the 
handle, and a long socket to fit sparkplugs are als<» included in this outfit. 
The universal joint permits one to remove nuts in a position that would be 
Inaccessible to any other burn of wrench, as it enables the s<fckct to be 
turned even if the handle i.s at one side <*f an intervening obstruction. 

The **Pick*iip” wrench, shown at li, is iisc<l fi»r sparkplugs and the 
upper end oi the socket is provided with a series of griHjves into which a 
suitable blade carried by the handle can t>e <lrop]>e<l. The handle is pivoted 
to the top of the socket in such a way tbal the blades may be picked up 
out of the grooves by lifting on the end of the haiullc and dropped in again 
when the handle is swung around to the proper to get another hold 

on the socket. The **Miflcr** wrench shown at 1*'. is a combination socket 
and open end type, made especially for use with sparkplugs. Doth the 
open end and the si»ckct are convenient. The “Handy** set shown at G, 
consists of a number of thin stamped wrenches of steel held together in a 
group by a simple clamp filling, which enables either cml of any one of the 
four double wrenches to be brought into play according to the size of the 
nut to be turned. The “Crunk” wrench sh<»w'n at H, is a simple stamping 
having an alligator opening at one end and a sleptled o]>ening capable of 
handling four different sizes of standard nuts or bolt heads at the other. 
Such wrenches are very cheap and ^ire worth many times their small cost, 
especially for fitting nuts where there is not sufiicient room to admit the 
more conventional and larger pattern. The “StarreU” wrench set, which 
is shown at I, consists of a ratchet handle together with an extension bar 
and universal joir^. a sparkplug sm'ket. a drilling attachment which takes 
standard square shank drills from inch to ^ inch in diameter, a double 
ended screwdriver bit and several adjustments to go with the drilling 
attachment. Tw'enty-eight as.si>rted cold drawn steel sockets similar in 
design to those shown at D* to fit all standard sizes ^f square and hexag* 
onal headed nuts are also included. The reversible ratchet handle, which 
may be slipped over the extension bar or the universal joint and which 
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is also adapted to take the squared end of any one of the sockets is excep¬ 
tionally useful in permitting, as it does, the instant release of pressure when 
it is desired to swin^ the handle bark to get another hold on the nut. The 
socket wrench sets are usually supplied in hard wood or steel cases or in 
leather bags so that they may be kept together and protected against loss 
or damage. With a properly selected scKket wreJich set. either of the 
ratchet handle or T-handIc form, any nut on the engine may be reached 
and end wrenches will not be necessary. 






Fig. 832.»Illuitriting Use and Care of Piles. A—Pile Cleaning Brush. B—How to 
Remove Soft Metal from File Teeth. C^Method of Holding SnuiU Flat Pile to Pre¬ 
vent Springing. D-^HandJes for Piles Used on Plat Surfaces. R^How to Drawfile. 

Use and Care of Fi lea.— -Mention has been previously made of the im¬ 
portance of providixig a complete set of hies and suitable handles. These 
should be In various grades or degrees of fineness and three of each kind 
should be prnvide<l. In the fiat and half round files three grades are nec¬ 
essary, one with coarse teeth fur roughing, and others with medium and 
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fine teeth for the finishing cuts. The round or rat tail file is necessary in 
filinjj out .stuall holes, the half round for finishing the interi(»r of large ones. 
Half round files arc also well adapted for finishing surfaces of peculiar 
contour, such as the inside of bearing l>oxes, connecting rod and main bear¬ 
ing caps. etc. S<|uure files arc useful in finishing keyways or cleaning 
out burred spline.s. while the triangular section or three-cornered file is of 
value in denning out burred threads and sharp corners. Flat files are used 
on all plane surfaces. 



Pis. S33.—Outlinina Use of Cotter Pin Pliers at A. B Shows Simple Cotter Pin 
Extractor. C—Cape Chisel. D—Cutting Chiset £-—Round Point Grooving Chisel. 
F—Diamond Point Grooving Chisel. G—Center Punch. H—Winder for Smalt Coil 

Springs. 


The flic bru:«h shown at Fig. A, consists of a large number of wire 
bristles Httaclie<l t<» a substantial wcH>d back having a handle of convenient 
form so that the lirisiles may lie drawn through the interstices between the 
teeth of the file to remove dirt and grease. If the teeth are filled with pieces 
of soft metal, such as 8<»lder or babbitt, it may be necessary to remove this 
accumulation with a piece of sheet inetal as indicated at Fig. 832 B, The 
method of holding a file for working on |)lanc surfaces when it is fitted with 
the regular fonu of wiKiden haiulle is shown at C. while two types of 
handles enabling the mechanic to use the flat file on |>lanc surfaces of such 
size that the handle type indicated at C. could not l»e<used on account of 
interfering with the surface finished are shown at D. The method of using 
a file when surfaces are finished by draw filing is shown at E. This differs 
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from the usual method of filing ami is only used when surfaces arc to he 
polished and very little metal removed. Files must l>e handled very care¬ 
fully as they may remove more metal than re<|iilrecl \u fitlmg jdcces. Hard 
pieces canmU he file<l ancl an> rniigh s|>«»ts can he taken down with fine 
emery cloth or with a carboriimhnn stone. 

Split Pin Removal and Insertion.'—One <»f the most widely used of the 
locking means to prevent nuts or kilts from bccotning Ickisc is the simple 
split pin. sometimes called a “ciUtcr pin.** These can l>e handled very 
easily if the special pliers shown at Fig. A. are used. They have a 
curved jaw that perniit.s of grasping the pin firmly and inserting it in the 
hole ready to receive it. It is m»l easy to insert these split pins hy other 
means l>ecause the ends arc usually spread i>ut and it is hard to enter the 
pin in the hole. With the colter pin |iliers the ends may l>e brought close 
together and as the plier jaws are small the pin may he easily pushed in 
]dace. Another use of this plier. also indicated, is to bond over the ends of 
the split pin in order to prevent it from falling out. To remove these pins 
a simple curved lever, as shown at Fig. RT? U, is usctl. 'bhis has one end 
tapering to a point and is intended to l)e inserted in the eye of the cotter 
pin, the purchase offere<l hy the handle periinttiug of ready removal of 
the pin even after the ends have been close<l by the cotter pin pliers. 

Complete Chisel Set.'-^A complete chisel set suitable for repair shop 
use is also shown at Frg, The type at C is known as a “cape** chisel 
and has a narrow cutting point and is intended to chip key ways, remove 
metal out of corners, and for all other wtirk where the broa<l cutting erlge 
chisel, shown at 1>. cannot l>e used. The form with the wide culling edge 
19 used in chipping, cutting sheet metal, etc. At It. a round nose chisel 
used in making oil ways is outlined, while a similar to<d having a pointed 
cutting edge and often used for the same puniosc is shown at F, The 
center punch depicted at G, is very useful f<»r marking parts either for 
identification or for drilling. In addition to the chisels shown, a number of 
solid punches or drifts resembling very much that shown at E, except that 
the point is )>lunt shoiihl In* provided to drive out taper pins, bulls, rivets, 
and other fastenings this nature. These .sh<»nld he provided in the 
common sizes. A complete set <»f real value would start at inch and 
increase by increments of inch up to inch. A siintde spring winder 
is shown at Fig. 83.^ II. this making it jx^s.^ible for the rcpairmnii to wind 
coil springs, cither on the lathe or in the vise. It will handle a number 
of different sizes of wire and can be set to space the coils as desired. 

Hand Drilling Machines.^Dnlling machines may l>c of two kinds, hand 
or power operated. For drilling small hides in metal it is necessary to run 
the drill fast, therefore the drill chuck is usually driven by gearing in order 
to produce high drill speed without turning the handle too fast. A small 
hand drill is shown at Fig. 834 A, and is comnumly termed an “egg beater** 
by shop men. As will be observed, the chuck spindle is driven by a small 
bevel pinion, which in turn, is operated by a large l>evel gear turned by 
a crank. The gear ratio is such that one turn of the handle will turn the 
chuck five or six re*Vfdutions. A drill of this design is not suited for drills 
any larger than onC“C|uarter inch. For use with drills ranging from one- 
eighth to three-eighths, or even half-inch the hand drill presses slumn at 
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C and D are used. These have a pad at the upper end by which pressure 
may be exerted with the chest In order to feed the drill into the work, and 
for this reason they are termed ‘*hrrast drills.’* The form at C has com¬ 
pound pearinjj, the drill chuck driven by the usual form of bevel 

pinion in mesh with a larger l>cvel gear at one end of a countershaft. A 
small helical spur piiiii»n at the other end of this c<»utUcrshnft receives its 
motion from a larger gear turned by the hand crank. This arrangement 



Fig. 834.—Fermi of Hand Operated Drilling Hachinet. A—*'Eigbeater*' for Small 
Drills. B—**01d Man** or Ratchet Drill for Heavy Work. C and D—Breast Drills. 

E—Carpentef*a Bitstock for Boring Holes in Wood. 


of gearing permits of high spindle speed without the use of large gears* 
as would l>c necessary if but two were used. The form at D gives two 
speeds, one for use with small drills is obtained by engaging the lower 
bevel pinion with the chuck spindle and driving it by the large ring gear. 
The slow speed is obtained \>y shifting the clutch so that the top bevel 
pinion drives the drill chuck. As this incshe.s with a gear but slightly larger 
in diameter, a slow speed of the drill chuck is possible. Breast drills are 
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provided with a handle screwed into the side of the frame, these are used 
to steady the drill press. For drilling extremely large holes which are 
beyond the capacity of the usual form of drill press the ratchet form shown 
at B. may be used or the bit brace outlined at E. The drills used with 
either of these have square shanks, whereas those used in the drill presses 
have round shanks. I'he bit brace is also used widely in wood work and the 
form shown is provided with a ratchet by which the bit chuck may be 
turned through only a j)oriion of a revolution in either direction if desired. 



Pig. B35.—Forms of Drills Used in Hand and Power Drilling Machinea. 


Drills, Reamers, Taps and Dies.— In addition to the larger machine tools 
which this treatise d<ws not rover and the simple hand tools previously 
described, an essential item i>f C(pnpmcnl of any engine or plane repair 
shop, oven in cases where the ordinary machine fools such a.s lathes, drill 
presses, etc. arc not provided, is a complete outfit of drills, reamers, and 
threading tools. Drills arc of two general classes, the flat and the twist 
drills. The flat drill has an angle lK*tween cutting edges of alnmt 110 degrees 
and is nsnally made fr<»m spwial steel commercially known as drill rod. 
A flat drill cannot be fed into the work very fast l>cfanse it removes metal 
by a scraping, rather than a cut ling ]>n»ccss. The twist drill in its simplest 
form is cylindrical tlirongboiil the entire length and has spiral flutes which 
arc ground off at llie end to form the cutting lip and whieli alst» serve to 
carry the metal cliiji.s out of the hole.s. The simplest fi>rm id twist drill 
used is shown at Fig. 835 C. and is known as a "cbuck" drill, because it 
must be placed in a suitable chuck to turn it. A twist drill removes metal 
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hy cuttifiif and it is not necessary to use a heavy feed as the drill will lend 
to feed itself into the work. 

Larger drills than ^ inch arc usually made with a tapered shank as 
shown at Kig. 835 IJ. At the emi of the taj>er a tongue is hjrmed which 
engages with a suitable opening in the collect* as the piece used to support 
and drive the drill is called. The object of this tongue is to relieve the 
tapered ])ortiou of the drill from ihc stress of driving hy frictional contact 
alone, as this would n<»t turn the tirill ])nsitively and the resulting slippage 
would wear the socket, this depreciation changing the taper and making 

it unfit for other drills. The tongue 
is usually ])roporTioned so it is ade¬ 
quate to drive the drill under any 
coiviili<»n. A siiiiill key way is pro¬ 
vided in the c<»llet into which a tajwr¬ 
ing key of flat stock uuiy lx* driven 
against the end of the tongue to 
drive the drill from tin: spindle. A 
standard lajK'r for drill shanks gen¬ 
erally aecepttxl hy the machine trade 
is known as (lie M(»rse and is a 
tajHT of five-<*ighllis of an inch to 
the fixH. I'he Hrown and Sltarp 
form tajwrs six-teiuhs of an inch to 
the foot. Tlic Brown and Sharp 
fonu taiKTs six-tenths of an inch 
to the foot, t^rc must l»e taken, 
therefore, when purchasing drills 
and collets, u* make Mire tliat tlx* tajrrs coincide, as no attenqH should l)e made 
to run ;t Morse taixT in a Brown ami Shart> collet, or vice versa. 

Snniclinies cylindrical dnlls have straight flutes, a.s outlined at Fig. 
835 A. Such drills arc used with ^oft metals a.s lead, ahnuinum and brass 
and are of value wlien the drill is t<» pass entirely through the work. The 
trouble with a drill with spiral flutes is that it will tend tc» draw itself 
through as the enling lip's break through. This catching of the drill may 
break it or move the work from its ]H»sition. With a straight flute drill 
the cutting actlni is practically the s;imc as with the flat drill shown at 
Fig. 835 K and F. 

If a ilrill is empK^yed In iMiring lude.s through close-grained, t(»ngh 
metals, as wrought or malleable iron and steel, the i»per;ilion will be facili¬ 
tated by lubricating the drill with plenty of bird oil or a s<dution of .soda 
and water. Either of these materials will effectually remove the heat 
caused by the friclUm of the metal removed against the lips of the drill, 
and the danger of heating the drill ti> a temperature that will soften it by 
drawing ibc teTUjMT is miniini^.cd. In drilling large or deep holes it is good 
practice to njqdy the bibrivating mediinn directly at (he drill point. Special 
drills of the form having a spiral oil (ulie rnmiing in a suitably formed 
channel, jirovides coinninnication between the point cof the drill and a 
suitable receiving hole on a drilled shank. The oil is supplied by a pump 
and its pressure not only promotes ]>ositive circulation and removal of heat, 


Pig. 636.—Useful set of Number Drills, 
Showing Stand for Keeping These in an 
Orderly Manner. 
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but also assists :n keeping the hole free of chips. In drilling steel or 
wrought iron, lard oil applied to the (mint of the clrtll will facilitate the 
drilling, hut this materinl should never l»c nsc<l with cither brass or cast 
iron. 

The sizes of drills Ut he provideil dejieiid upon the nature of the Wfirk 
and the anioiint of money that can he invested in <lrills, It is common 
practice to pnwide a .set of drills, such as shown at h'ig. which are 
carried in a snitahlo niclal stand, these iKriiig known as iiumher drills on 
account of confonniug to the wire gauge stamlards. KuiuIkt <lnlls do not 
usually run higher than Ym inch In diameter. Ueyoud this point drills are 
usually sold by the diameter. A set of chnek ilrills. ranging fnnn to 

incii, advancing liy %•> inch, and a sol of Nb»rse tailor shank drills rang¬ 
ing fr<mi to 1*4 inches, by inerements of inch, will Ihj all that is 
necdeil for the most pretentions repair shop, as it is chc:qHT to bore holes 
larger than IJ4 i*Hhes with a Ixiring PhiI than it is to carry a tnimlwr of 
large drills in st<»ck that would be used very seldom, perhaps not enough 
to justify their co.st. 

In grinding <lril1s. care must 1>c taken to have the lips of thc«sanie 
length, .So that they will form the same angle with the axis. If one lip is 
longer than the <ither, as shown In the llal drill at Fig. 1*'. the hole 
will lie larger than the drdi size, and all the work of enlting svill come upon 
the longest lip. The drill ends sinmid be symtnelrical. as shown at Fig. 
8.35 F. 

Types and Use of Reamers.»It is considered very ilitbcult t(» drill a hole 
to an exact diameter, but for the most work a variation of a few tlumsandths 
of an Incli is <»f no great moiiieiii. Where accuracy is necessary, holes must 
be reanietl <iUt to the required size. Jn reaming, a hole is drilled about 
Vc* ^ttch smallLT than Is retpiired. an<1 Is enlarged with a cutting tool kmwvn 
as the reamer. Reamers arc usually of the fluted form shown at Fig. 8.37 A. 
Tools of this nature arc not designed to remove conshlerublc amounts of 
metal, hut are inletuled to augment the diameter of the <lrifl hole by only 
a small fractimi of an inch. Reamers arc tapered sliglitly at the p(»int in 
order that they will enter the hole easily, but the greater imrlion of the 
fluted pari is straight, all cutting edges being parallel. Hand reamers arc 
made in cither tlie straight or tajier forms, that at A, Fig. 8,37, heing 
straight, while It has tapering flutes. 1'hey are intciuled ti> be tiirneil by a 
wrench similar to that eiu|)loyed in turning a tap. us sluovn at Fig. 8.3Q C. 
The reamer shown at Fig. 170 C is a hand reamer. The fcjrm at i) has 
spiral flutes similar to a twist drill, and a.s it is jirovidcd with a ta|>cr shank 
it is intended to l>c turned by |>o\ver through the medium <if a .suitable collet. 

As the solid reamers 1>ecome reduced in size when sharpened, various 
forms of inserted blade reamers have been designed. One of these is shown 
at E, and as the cutting surfaces become reduced in diameter it is possible 
to replace the worn blades wdth others of projier size. Expanding reamers 
are of the form shown at F. 1‘hese have a l>olt t>asslng through that fits 
into a tapering hole in the interior of the split reamer )Kirtioti of the tool. 
If the hole is to be Enlarged a few thousandths of an inch, it is pos.silfle to 
draw up on the nut just above the squared emi of the shank, «in<l hy <lraw* 
ing the tapering wedge farther into the reamer iHKJy, the cutting portion 
will be expanded and will cut a larger hole. 
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Reamers must be very carefully shaqiened or there will be a tendency 
toward chattenn^j with a consequent jiroduction of a roii^h surface. There 
are several methods <»f |>revcniiiit; this chattering, one i>cintr separate 
the cutting e<lKes by irrcjjultir sjiacvs, while the nujst emumon mellu^d, and 
that to be |>referrc<l on niacliine reaiiicr.s, is to Use spiral Hutes. as shown 
at Fig. W7 D- Special (aper reamers are ina<le to conform lo the various 
taper pin sizes which are soinotimcs used in holding parts together in an 
engine. A taper of Vi<; *’ich per fo<jl is intended for holes where a pin, 
once driven in. is to remain in place. When it is <lesired that the pin l>e 
driven out. the taper is made steeper, generally per fuot» which is the 

slamlard taper u.sed on tajier pins. 





Pig. B37.^Stjndard Forms of Hand and Machine Reamtra. 

Use of Taps and Dies.^When threads are to be cut in a small hole, it 
will be apparent that it will be difficult to perform this operation economic 
cally on a lathe, therefore when internal threading is called for. a simple 
device known as a *‘tap’* is used. There arc many styles of taps, all con¬ 
forming to different standards. Some arc for metric or foreign threads, 
some conform to the American standards, while others are used for pipe 
and tubing. Hand taps are the form most used in repait shops, these being 
outlined at Fig. 8.^ A and R. They are usually sold in sets of three, known 
respectively as ta[)er, plug, and bottoming. The taper tap is the one first put 
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into the hole, and is then followed by the plii^ tap which cuts the threads 
deeper. If it is imperative that the thread should be full size clear to the 
bottom of the hole, the third tap of the set. which is straight^sided, is used. 
It would be difficult to start a bottomin^: tap into a hole because it would be 
larger in diameter at its point than the hole. The taper tap. a.s shown at 
A, Fig. MR, has a ])orticin of the cutting lands groinul away at the point 
in order that it will enter the hole and some taps have even a more pro* 
nounced taper than is .shown in the illustration. The manfpnlation of a 
tap is not hard, as it does not need to be furce<l into the w(»rk, a.s the thread 
will draw it into the hole as the tap is turned. The ta|>cring (d a tap is 
done so that no one thread is called upon to remove nil of the metal, as 
for about half way up the length id the tap each succeeding thread is cut a 
little larger by the cutting edge until the full thread enters the hole. Care 
must lie taken to always enter a lap straight in order io have the threads 
at correct angles to the surface. 



Pig. BSI.^Tapt and l>iet for Thread Cutting. 


In cutting external threads on small itkIs or on .^mall pieces, such as 
bolts and studs, it is not always economical or i>ossible to do this work 
in the lathe, especially in repair work. Dies are used to cut threads on 
pieces that are to be placed in tapped holes that have been threaded by the 
corresponding size of tap. Dies for small work are often made solid, as 
shown at Fig. R38 C. but solid dies are usually limited to sizes below 
inch. Sometimes the solid die is cylindrical in shape, W'ith a slot through 
one side which enables one to obtain a slight degree of adjustment by 
squeezing the slotted iK>rtion together with an adjusting screw but the 
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degree of variation obtainable by this method is slight. Large dies, or the 
sizes over inch, are usually made in two pieces in order that the halves 
may l>e closed up or brought nearer u»gethcr. The advantage of this 
form of die is that either <»f the t>x'o pieces may be easily .sharpened, and 
as it may be acljusled very easily the thread way l>c cut by easy .stages. 
For example, the die may In: adjusted to cut large, which will pro<hice a 
shallow thread that will act as an accurate guide when the die is closed 
up and a deeper thread cut. Ia*s.< effort will he rc<|nircd. 



Fig. 639.~Showing Holders for One and Two-Piece Thread Cutting Diet. 

A cemnnon f<»rni of die holder for an adjusinble die is shown at h'ig. 

A. As xvdl be ap])nrcnt. it eonsi.sts of a central liody jH>rtion having guide 
members to keep the die pieces frtnn falling out and levers at each end in 
order to permit the operator to exert .stilheient force to remove the metal. 
The naethod of adjust mg the depths of thread with a clamp screw when a 
tw'<i-])iece die is enii>h»yed is also clearly outlined. The dicsbick shown at 
B is used for the smaller dies <»f the one-piece pattern, having a slot in 
(irder that they may be clnseil up slightly by the clamp screw. The reverse 
side of the diestock shown at 13 is oullinerl liclow it. and the guide pieces, 
which may be easily moved in or out, according to thcisize of the piece to 
he threaded by moans of eccentrically dispo.sed semicircular slots in the 
adjustment plate, are shown. These movable guide members have small 
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pins let into their surface which engage ihc slots, ami they may he moved 
in Of out. as desired, according to the position of the adjusting jdate. The 
use of the guide pieces makes hir accurate jMJ.sitiuning i»r centering of the 
rod to l>e threaded. Pics are usually st»lci in sets, at id arc c«iniinoiily 
furnished as a ]Mirtion t»f a comjilcte outlit such us oulliued at Fig. 840. 
That shown has two sizes of dicstink, u tap wrench, eight assr»rled dies, 
eight assorted taps, aud a small screwdriver for adjusting the die. An 
aviation engine repair shop shouUI he provided with three dilTerent sets 
of taps ami dies, as three difTerent slutidurds for the Indts and nuts are used 
in fastening automotive componeiils. The>e are the American : metric (usctl 
on foreign engines), ami the S. A, 1C. aenmaiitic standar<l tlircuds. A set 
of pipe dies and tups will also he louiul useful in general shoj» maintenance 
work and f(»r huilding vnrioti.s apjilMiices such ns engine stnii<ls. etc., i>f 
piping. 



Pig. $40.—Uieful Outfit of Taps and Diei for the Engine Repair Shop. 

Measuring Tools.—The li«d outfit td the machinist or the mechanic who 
aspires to d<» machine wi»rk must Inclndc a mimher of measuring ttiols 
which are i\o\ needed hy the flcHir man or one who merely asscmhles and 
takes apart the finished jneccs. The machinist who must convert raw 
material into fini.sheil products rct|iiircs a numher of measuring tends, .some 
of which are used for taking only api»n»ximate measurements, such as 
calipers and scales, while others are intended to take very accurate measure¬ 
ments, such as the Vernier and the miemmeter. A numher of common 
forms of calipers are shown at Fig. 8-U. These are kmnvu as insule <‘r out¬ 
side calipers, depending upon the measurements they are intended to take. 
That at A is an inside caliper, consisting of two legs, A and D. ami a 
gauging piece, B. which can l)e locke<l to leg A. or released from the 
member hy the screw, C. The object of this construction is t<i permit of 
measurements being taken at the Inittom of a two diamrler hole, where the 
point to be measured is of larger dicameter than Ihc portion of the hole 
through which the calipers entered. It will Iw ajiparent that the legs A 
and D must he brought close together to i>ass through the smaller holes. 
This may be done ithout losing the setting, as the guide har H will remain 
in one position as dclennined by the size of the hole to be measured, while 
the leg A may be swung in to clear the <djstnictiou us the calipers arc lifted 
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out. When it is desired to ascertain the measurements the leg A is pushed 
back into place into the slotted portion of the guide and locked by the 
clamp screw C. A toid of this form is known as an internal transfer caliper. 

The hirra of caliper shown at H is an outside caliper. 'J*hose at C and 
D arc special forms for iiisi<lc an<l 4»ittside work, the former Is^ing used, if 
desired, as a divider, while the latter may be empK>ycrl for meHsuring the 
walls of tubing. 'I'hc caH|>erH at L are simple forms, having a friction joint 
to distinguish them from the spring calipers shown at B, C and U. In order 
to permit of ready adjustment of a s])riiig caliper, a split nut as .<(hown at 
C Is sotnetimes used. A solid nut calii^er can only be adjusted by screwing 
the mu in or out on the screw, which may be a tedious t^nn'ess if the caliper 
is \o be set from one extreme to the other several times in successttm. With 
a slip nut as shown at G it is possible to slip it from one emi of the thread 
to the other without turning it. and of hK.'kttig it in pl«ice at iiny desired 
point l)y simply allowing the caliper leg t<i come iu contact with it. The 
method of adjusting a spring caliper is shown at i*ig. 841 11. 



Pig. S41.—Common Forms of Inside and Outside Caliper Useful for Taking and 

Transferring Measurements. 

Rules and Scales.—Among the most common of the machinsTs tools 
are those used for linear measurements. The usual forms arc shown in 
group, Fig. 842. The most common tool, which is widely known, is the 
carpenter’s folding two-foot or six-foot rule or the yardstick. While these 
arc very convenient for taking measurements where great accuracy is not 
required, the engine mechanic must work much more accurately than the 
carpenter, and the standard steel scale which is shown at D. is a popular 
tool for the machinist or engine man. The steel scale is in reality a gradu¬ 
ated straight edge and forms an important part of varkAis measuring tools. 
These are made of high grade steel and vary from one to 48 inches in 
length. They arc carefully hardened in order to preserve the graduations, 
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and all surfaces and edges are accurately ground to insure absolute paral¬ 
lelism. The graduations on the high grade scales arc produced with a 
special device known as a dividing engine, but on cheaper scales, etching 
suffices to provide a fairly accurate graduation. The steel scales may he 
very thin and Hexible, or may lie alxuit an eighth of an inch thick on the 
twelve-inch size, which is that commonly used with combination squares. 






Pig. 842.»Meararing Appliancet for the Aero Machiniit and Engine Repair Mechanic* 

protractt»rs an<l oilier tCMils of that nature. The repainnairs scale shniikl \>c 
graduated Uiih with the English system, in which the inches arc divided 
into eighths, sixtetgiths. 32d s and 64th's. and also in the metric system, 
divided into millimeters and centimeters. Some machinists use scales 
graduated in tenths, twentieths. SOth's and lOOth’s. This is not as good 
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a system of the mure conventional one first described as 

dimensions arc either in inch units or metric units. 

Some steel scales are provided with a slot or groove cut the entire 
length <m one side and about the center of the scales. This permits the 
attachment of variotis fitting.^ such as the prolrnclor head, which enables 
the machinist to measure angles. <ir in addition the heads convert the scale 
into a square or a UhA pennitcing the accurate bisecting of pieces of cir¬ 
cular section. Two scales arc .somctiincs joined together to form a right 
angle, such as .shown al Fig. H42 C. 'Phis is known as a square and is very 
valuable in a.HccTtaiuing the truth id vertical pieces that are supposed to 
form a right angle with u base piece. 



Fif. S43.»At Left, Special Form of Vernier Caliper for Measuring Gear Teeth; at 
Right, Micrometer and Extension Points for Making Accurate Internal Measurements. 

Vernier and Its Use.—The Vernier is a device for reading finer divi¬ 
sions <»n a scale than thi»sc into which the scale i.s divided. Sixly-f<»urths 
of an inch arc alHuil the finest <1ivt.si<»n that can he read accurately with the 
naked eye. When fine work is necessary a V^ernter i.s €mployc<l. 'fhis 
consi.sls essentially of two rules so graduated that the true scale has each 
inch dividetl into ten equal i«irts. the upper <»r Vernier ]H»rli<»n has ten 
divisions <h*cu jiving the .same si>acc as ntuc of the divisions of the true 
scale. It is csidenl, therefore, that of the divisions of the Vernier is equal 
to niuc-lenths of one of those on the true scale. If the Vernier scale is 
moved to tile right so that tlic graduations marked *'1** shall coincide, it 
will have iuove<l onc-tenlh of a division on the scale or one-hundredth of an 
inch. When the graduations numivred five coincide the N'ernier will have 
moved five-hundredths of an inch; when the lines marked zero and ten coin- 
cide, the Vernier will liave iiuwed nine-hundredths of an inch, and when 
ten oil the Vernier comes oppusiic ten im the scales, the upper rule will have 
tnove<l ten*hiin<lre<lths <»f an inch, or the whole of one division on the 
scale, ity this means tlic scale, though it may l>e graduateil only to tenths 
of an inch, may he accurately set at jMunts with (sisitions expressed iu 
hundredths of an inch. When graduated to read in thousandths, the true 
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scale is divided into fifty parts and the Vernier into twenty parts. Each 
division of the Vernier is therefore equal t<» nineteen-twentieths of one of 
the true scale. If the Vernier he move<l so the lines of the first division 
coincide, it will have nnivud ouc-tweuticlh of one-fiflicih, c»r .00! mch. 
The Vernier principle ran \>c readily ^asiiwl by studying the section of 
the Vernier scale and true scale shown at Kig. R4d A. 

The caliper scale which is shown at Fig. Wi A. permits of taking the 
over-all dimension u( any parts that will go Inrtween the jaws. I'his scale 
can he adjusted very accurately hy meaus of a fine thread .screw allachcd 
to a movahle jaw and the divisions may Ik* divided hy eye into two |>nrls 
if one sixly-fourlli is the sinallcsl (d (he ihviMinis. A line is indicated on 
the movable jaw ami coinciiles with the gradual ions on the scale. As will 
he apparent, if the line <locs not coinci<le exactly with one of the gradua¬ 
tions it will he at some tH>int between the lines and the true measurement 
may be approximated without trouble. 



A group of various <)thcr measuring tools of value to the machinist is 
shown at Fig. H44. The smalt scale at A is termed a “center gauge.*' l>c- 
cause it can he used to test the truth of the tajier of either a male or female 
lathe center. The two smaller nicks, or v’s, indicate the sh.njic of a standard 
thread, and may be used as a guide for grinding the point of a thread¬ 
cutting tool. The cross level which is shown at B is of marked utility in 
erecting, as it will indicate absolutely if the |)iece it is used to test is level. 
It will indicate if the piece is level along its width as well as its length. 

A very simple attachment for use with a scale that euntdex the machini.st 
to scrilie lines along the length of a cylindrical piece is shown at I'ig. 844 
C, These arc merely small wedgc-shat>ed clamps having an angular face 
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to rest upon the bars. The thread pitch gau^e which is shown at Figr. 844 
D, is nn excellent poeWet Io<j1 for the mechanic, as it is often necessary to 
determine without l«»ss of tune the pitch of the thread on a lK>lt or in a nut. 
This consisl.s of a nuiul>or of leaves hovin^^ serratums on one e<i(fe corre¬ 
spond! njj tt* the standard thread it is to l»e used in mcasurinif. 'fhe tool 
ahenvn tjives all pilches up to 48 threads per inch. The leaves may he 
folded in out of the way when not in use. and their shajie admits of their 
being* used in any jxisition without the remainder of the set interfering 
with the i>ne in use. The fine ])ilch gauges have slim, tapering leaves nf 
the correct shujie to he used in finding the pitch c»f small nuts. As the 
tool is nuind when the leaves are hddctl hack out of the way, it is an 
excellent p<H*ket tool, a.s there are no sharp corners to wear <nit the pfK^ket. 
Practical ai»phcatuai of a Wniicr having measuring heads of special form 
for measuring gear teeth is shown at Kig. K4.t A. As the action <»f this tool 
has l>ecn previously explained, it will u<U he necessary to describe it further. 
Another useful measuring a]ii>Hunce is a set id '‘feeler’’ granges which arc 
made of spring steel in various thickne.sses as c.xprcsseil in .001 inch (one 
thousandth of an inch) increments. These are in the form i>f longues or 
leaves riveted at one end in a ItHudle. just as a knife hlade is» so that one 
or more of the thin tongues may he used to measure with. Such gauges 
are of great value in detenuining piston ring gaps, luugnelo breaks, vulve 
stem clearances, etc. Dial imlicalors on st>ecial measuring heads are valu- 
ahle for testing cylinilcr Isircs. etc., and arc an important item of shop 
e(jui]>ment. 

Micrometer Calipers and Their Use.—Where great accuracy is necessary 
in taking ineasurcinetils the micrometer caliper» which in the simple form 
will measure easily .001 inch (onc*thousandth part of an inch) and when 
fitteil with a Vernier that will measure .0001 inch (one tcn-lhousandth 
])art of an inch), is used. Tlic micrometer may he of the calijier form for 
measuring outside diameters or it may l>c of the fi»rm shown at l*'ig, 176 II. 
f(»r measuring internal diameters. The operation of Inith fi»rms is identical 
except that the internal mienmieter is placed inside of the hore to he 
meastireil while the external form is used just the same as a caliper. The 
form outlined wdll measure from one and one-half to .six and a luilf inches 
as extension points are pnwided to increase the range of the instrument. 
The screw has a movement of one-half inch and a hardened anvil is placed 
in the end of the thimlile in order to prevent undue wear at that ptunt, The 
extension ])oints or rods arc accurately made in .slaiidani lengths aiul are 
screwed into the liody of the instrument instead being pushed in. this 
insuring firmness and accuracy. Two forms of micrometers for external 
measurements are shown at Fig. 845. The top one is grailuated to read in 
thousamilhs of an inch, while the lower one is graduated to indicate hun¬ 
dredths of a millimeter. The mechanical principle involved iu the con¬ 
struction of a micrometer is that of a screw free to move in a fixed nut. 
An opening to receive the work to he measured is proviiled hy the liackward 
movement of the thimble which turns the screw and the size of the open¬ 
ing is indicated by the graduations on the barrel. < 

The article to he measured is placed between the anvil and spindle, the 
frame being held stationary while the thimble is revolvctl hy the thumb and 
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finger. The p>tch of the screw thread on the concealed part of the spindle 
is 40 to an inch. One c<»inplete rcvolution of the spindle, therefore, moves 
it longitudinally one-fortieth, or tweiUy-hvc thousandths of an inch. As 
will he evident fr<*in the development of the scale on the barrel of the inch 
micrometer, the sleeve is marked with forty lines to the inch, each of those 
lines indicating' twenty-hve themsaudths. The thimble has a beveled edge 
which is graduated into twenty-hve parts. When the instrument is closed 
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Pig. S45.—Standard Pormi of Micrometer Caliper for External Measurements. 


the gra<hiati<Mi on the beveled c<lge of the thimble marked 0 should corres- 
]>ond to the 0 line on the barrel. If the micrometer is rotated one full turn 
the opening between the spindle and anvil will l)e .025 inch. If the thimble 
is turned only one graduation, or one twenty-hfth of a revolution, the 
opening between the sjnndle and anvil will be increased only by .001 inch 
(one-thousan<lth uf an inch). 

As many t)f the dimenutons of the airplane engine f>arts. especially of 
thr>s€ of foreign manufacture or such parts as 1>a]l and roller bearings, are 
based on the metric .nystein, the com]>eient repairman should i>oa9ess 
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both inch and metric micrometers in order to avoid c<»ntinual reference to 
a table of metric equivalents. With a metric mirrnnicter there are fifty 
^aduattons on the Iwrrel. these represrntin^f .01 of a millinieliT, (jr a|>proxi- 
mately .004 inch. One full (nrn of the barrel means an increase of half a 
millimeter, or .50 niillinieter (fifty onr-luiiuire<lihs). As it takes two turns 
to augment the .s]>ace lK*twecn the anvil and the stem hy increments of 
one millimeter, it will W* evident that it woithl n(»t he diflicnlt to divide 
the spaces on the metric micnimeler tlnmblc in lialves hy the eye, anti thus the 
average workman can measure to .0002 inch plus t»r minus withtmt diffi¬ 
culty. As set in the illnstralicm. the metric inicrimieters slnnv a space of 
13.5 millimeters, t^r ahtutl tme millimeter more than half an inch. The inch 
fnienmteter sht»wn is set lo five-tenths or five hun<lre<l oiie-lhciusamllhs or 
one-half inch. A Hi lie sUi<ly of the fi^regoitig mailer will make it easy ti> 
understand the action of cither the Inch or metric micrometer. 

Both of the micrometers .shown have a small knurled knoh at the end 
of the l»arrel. This eonirols the ratchet stop, which is a ticvicc that permits 
a ratchet to slip hy a pawl when more than a certain amount of pressure 
is applied, thereby preventing the measuring spintlle from turning further 
and perhaps Sjiringing the instrument. A simple rule than can he easily 
memorized for rea<Iiiig the inch micrometer is to iniilfiidy the numlier of 
vertical divisions on the sleeve hy 25 and add to that the iium)>er of divi¬ 
sions on the bevel of the thimhic rending frimi the zero to the line which 
coincides with the horizontal line on the sleeve. JMir example: if there arc 
ten divisions visible on the sleeve. Tinilli|>ly this numlier hy 2.^. then add the 
number of divi.sions shown on the bevel td the thimble, which is ten. The 
micrometer is therefore i>pened 10x25 eijuals 250 jdtis 10 cfjuals 260 thou¬ 
sandths. 

Micrometers are made in many sizes, ranging from those having a maxi- 
mmn opening of one inch to special large forms that wdll measure 40 or 
more inches. While it i.s not to he expected that the repairman will have 
use for the big sizes. If a caliper having a tnaxiinum cipemng of six inches is 
provided with a number of extension rods enabling <mc to measure smaller 
objects, practically all cd the measuring nccdc<i in repairing engine parts can 
be made accurately. Two or three smaller micrometers having a ina.xinium 
range of two or three inches will al.so he found valuable, as iiu).st of the 
measurements will lie made with these tools which will be nuuh easier 
to handle than the larger sizes. 

Hints for Care of Tools.—Protect all edge Keep all edge tools 

sharp. Never let a Uk>\ become dull. If you dull a tool by using, sharpen 
before returning it to place, in sharpening an edge tool, do not blunt tt. 
Grind an angle and keep it until the tool l>ecomes sharp. If you round off 
an edge tool, you ruin it. l.>o not use a file like a hacksaw, as most files 
are made to cut on the forward stroke only. Keep files in a case where 
they do not rub against each other. Keep files free from oil and grease. 
When using a file always put a handle on it. Have a file cleaner handy 
and use it often. For a fine finish on steel, do not use a file; use an oilstone. 
Do not keep soldering acid near tools, or handle tools after using acid with¬ 
out first washing your hands. Keep a piece or two of charci>al in your tnol- 
bo?? lo prevent moisture and couseiiucnt rusting of bHils, 
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Check your tools each evening before quitting. Have your list of tools 
pasted in the top of your tool chest. Do not expect to drill a true hole with 
a dull hit Keep hits sharp and in a case. Do not use steel hammer on 
metal parts. Use a lead, brass or rawhide hammer. Oil your tools <iften 
in rainy or wet weather. Do not keep sulphur or salt near your tools. 
Alway.s oil the sled tape before putliug away. Do not use a monkey- 
wrench a.s a hammer. Do not use a screwdriver as a punch or drift. Do 
not use pliers on nuts. Do not use a 24-inch monkey-wrench on a 
nut. Keep yemr fine measuring ti»ols in a case. 

Do not hold work that is being heated with a torch with a ])air of pliers. 
Use regular t^mgs. Do not use <»rdinary cutting pliers to cut juano wire. 
Use regular nijq^ers furui.slird f«*r this. Do mit use au end wrench on a nut 
unless it fits it proj>crly. Do not use a .sr»ckct wrench on a nut unless it fits 
it pro])crly. In u.<nkg lat»s and dies, use plenty of lard oil on the wr»rk and 
he careful in hacking n\i the Inj) t*r die. Always read the instructions fur¬ 
nished hy manufacturer. In cutting large heavy sl<K*k it is better to take 
more than one cut. Always clean ta)»s and dies before putting them 
away. In using a tap always W sure that the right si^ed hrde has been 
drilled. Df» in»t use a Stillsoii wrench on nuts. In using an oilst<mc do not 
sharpen your tools on one place <udy Inil use its full length. Always keep a 
brass drift in your tool chest. Always keep the cutting edge of your saw 
well protected. In packing tool chest for shipment, pack all tools so they 
cannot shift in box. ICach mechanic is advise<l to keep a mem(»randum 1>ook 
in his |M)Sscsston in which be may record such notes as may be considered 
useful to him. 

Typical Tool Outfits.—1*hc equipment <»f Xi*o\s necessary for repairing 
airplane engines depends entirely upon the type o{ the powcrplant and 
while the common hand tools can be used on all forms, the work is always 
facilitated by having sj>erial tools adapterl f<»r reaching the nuts and screws 
that would be bard tr> reach otherwise. Special .spanners and socket 
wrenches are very desirable. 1'hen again, the nature of the work to be 
performed must be taken into coiisidernfion. Rcl)ui?<)itig nr overhauling 
an engine calls for r<»nsideral>ly m<»rc Unds than are furnished for making 
field repairs or minor adju.stmenis. A complete set <if tixils that was sup¬ 
plied to men working on C urtiss 0X2 engines and JN4 training biplanes 
at Haalehurst Field, Mineola. L. I., during llic World War is slunvn at Fig. 
846. 'I'lic tool.s are placed in a s)>ecial 1m»x provided with a hinged cover 
and are arranged in the systematic manner outlined. I’he various tool.s 
and sup]dies shown are:—A, hark.saw bla<les: 11. s|>ct*ial s<»eket wrenches 
for engine lx ills and nuts; C*. l)ull i>eiii iiamincrs, femr sizes; I), five assorted 
sizes of screwdrivers ranging from very long for heavy work to short and 
small for fine work; E, seven pairs of pliers including cominnation in three 
sizes, two pairs of cutting pliers and one round nose; F, two split pin ex¬ 
tractors and sjircaders; (i. wrench set including three adjustable mtmkey 
wrenches, <nic Stillson or pipe wrench, five .sizes adjustable end wrenches 
and ten double eiul S wrenches; II. set of files, including Hat. three cornered 
and half round; ].«fiie hrnsh; }. chisel and drift i>in; K. three small punches 
or drifts; L. hacksaw frame; M. soldering ciqiper; M, special spanners fur 
propeller retaining nuts; O. sjiccial spanners; P. socket wrenches, long 




Fi«. 8«.—Speciil Tool Outfit (or Maintaining Curtiii OX Series Motors Used in Eailr JII4 Training Biplane and StUl Used in Various 

ConunercUl TTpev. 
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handle; Q, long handle, stiff bristle brushes for cleaning motor; R, gasoline 
blow torch; S, hand ririll; T, spools of safety wire; U, flash lamp; V, spe* 
cial jnillcr aii<l castle wrenches; W. oil can; X. large adjustable monkey 
wrench; Y. washer and gasket cutler; Z, ball of heavy twine. In addition 
t() the toids, various supplies, snch as sohlering ackl, siddcr, shellac, valve 
grinding C(»mpound, Indts and nuts, split pins, washers, wtH»d screws, etc., 
are provided. 

Ihc special tools and fixtures recommended by the Ilall-Scott Company 
for work on their engines and used at flying fiehls where this engine was 
use<l in .slund.ar<l training planes are clearly shown at I'ig. K47. All ttwds 
are nnnibered and their uses may l>c clearly iuulcrsttM>d by reference to 
the illiislralirni and ex])lanlnry list given. While lM»ih t»f these engines are 
now obsolete, the outfits sb(»wii may W considered of value as a guide for 
the selection of other outfits adapted for engines of mijdern dc.^^ign. Va« 
rious UmjLs for modern engines are illustrated in other ]K>rti(}ns of Ibis treatise. 

SPRCIAT, HALL-SCOTT TOOLS 

NO. TOOL 

1 RnKim* hoi5Hrig lNK»k, 6-ryl.— Ht<rk uiakf camsliaft wbcii holslin^t engine. 

2 HnKiiic ]M>ok. 4-ryl.—Iba*k ttiKfrr ramdiaft iMiusm^. wl>cn haiMing enttine. 

^ Water wrench *1**4 ir ii%e mi wulcr tn\ Itifi and end cd eylnuKTs 

4 Vcrticat sh.ift flange puller l*\ir pnllinK kiwer pinirHi diaft flanKC from shaft. (Ubcd 

cat A-5 and A-*/ riiKiiKs mdy ) 

5 Oil ffini—Pnr general hihrUviiiHi n>c. 

6 MagnetM jecar imllcr -Fnr pnllinc iinignrio gears from niaitnclri shaft. 

7 Socket wrench. A L A.M.—For use on htills and nuts on crankcases. 

S Sockt'i wrench. A.L.A.M —For u^e on erankeuNcs and nviftneto gear houshiK'^. 

Q Socket wrench. .ALA M.—For use on 111 : 1 ^ 11 * 1(1 jtrar luHiMiifts. 

10 Socket wrench. standard^J*'or holts and nuts which fasten magnetos to cratikcase. 

11 S<»ckct w rend I, A.L.A M.—For use lai niaRiiiio Rear honbiiiRs. 

12 Vertical diab Rear pnlhr—Ft»r mMoving water tmnip and mngneUi drive gear. 

13 Brace and facing cnltcr^For facing hig.s (»n vylhnlerv fur cylinder hold down stnd 

washers. 

14 Handle for hrace—Use with brace. 

15 Valve grim ling hracc—For grinding in valves. 

16 Soiket wrench hast, fii" A.I...A.M —For thrust lieAnug cap screws. 

17 Brace and facing culler. A" A I..A.M.—K4ir f.*icing Ingv «m rocker urm covers. 

18 Valve grinding screwdriver—lArt* grinding in valves. 

19 Valve ‘'prnig tool—For iniiting on and taking <41 valve springs. 

2d block valve spring t4H4—For um* with valve spring Und. 

21 Suckid wrench. A.L.A M.— l*(»r main Waring nnis. 

22 Socket wrench. K' A.l. A.M.—For use on camshaft iHmsing. 

23 Socket wrench, A.LAW.—Fm* camsliaft housing Indd down stud nuts. 

24 Socket WTcncli, Fi* A.LA.M.—Fur cylinder hold down sind nuts. 

25 Socket wrench, A* A.LA.M.—For carhurct<»r and water pump 1>uhs and nuts. 

26 Socket wrench. A* A.LA M,—For carlniretiir and water pump liolts and mils 

27 Socket wrencli—For nsc **n carlnirelor jets. 

28 Magneto screwdriver—For general magneto use. 

29 Brass bar, 1" diameter x 7’ lung—*Fc»r driving pisimi pins from pistons. 

30 Hack saw—For general use. 

31 on can—For camshaft housing luliricatiun. 

32 Gasoline or distillate can—Fi»r priming or other use. 

33 Oil can—For niagj^to gear lubrication. 

34 Shellac can—For rubber hose connect iuiis ami gaskets. 

35 Magneto cleaner—For use on magnetics. 

36 C'biinpv—For holding cylinder hold ikiw'n studs, when fitting mam hearings. 
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FiC. M?.—Outfit oI SpccUl Tool! and ApplUncet to Padliute Overhauling Work on HalI*S<ott Airplane Enginee Hay be Used as 

Guide in Selecting Tools for More Modem Engines. 
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37 Piston guards—'For use m pistons, when out of engine, to protect them. 

38 Sorewdriver—For general use. 

,19 Vertical slialt clanips^For clamping vertical shaft flanges, when timing engine. 

40 Thrust adjusting nut wrench—For adjusting prt»iidler thrust 1 1(^115 

41 Stuffiing Iwx spanner wrench—For adjusting stufliug lex nut on vertical shaft. 

42 Water pump spanner wrench—For adjusting water pump stuffing nut. 

43 Wrench—For use cm cylinder relief cocks and cylinder priming cocks. 

44 Hose damp‘wrench—For use on hose clanips, 

45 Scraper—For cleaning pi stem ring goiovcs on pi stems. 

46 Crankshaft nut wreneli—Fev mhnsting crankshaft nut. 

47 Spark]dug wrench—For putting in and taking <hii sjiarkplugs in cylinders 

48 Timing disc (single disc)-'•For use vm crankshaft to time engine Specify type motor 

disc should be made for If douhlc disc is rsstuiri’d, .specify the twe* ty]ics of motors 
the disc is to he made for. Ooiihle disc. 

49 Main 1 tearing sempiT—Fnr .scraping in lieaniigs 

,50 Cylinder carbon srraper—For ri*nv»vmg rarfum from heads of cylinders. 

51 Valw sealing tool-For seat mg valves m cylinder heads. 

,52 Scraper, small—For general lieanng use. 

,53 Scraper, large—For gencial U'aring use 

54 Crankshaft flange pidlcr<^For iHilling craiiksluit flange from crankshaft. 

.55 Piston and connecting rod racks 

56 Mam l>caring stud mils and shim rack. 

57 Mam hearing board rack 
5K Rocker arm and cover ruck. 


The tool requirements cif each enpine varies accordin^r to its construc¬ 
tion and the special tools, such ns ^ear pullers, sockets and spanners. etc.» 
depend entirely upon the design of the larts one must reintive. Tools may 
be devised that arc universal in their nature for general shop use, a.s in the 
service station of the airport that will rater to a variety of enjjincs. Each 
engine builder semis out a cninplefc kit of tixds with each engine to permit 
of the ordinary o])crations of overhaulinc; and field work and all arc ready 
to supply those special tends peculiarly ada|>(ed to their engines to any shop 
handling a number of their enpnes at very moderate jtrices. The writer 
stronpfly urges the executive in charge <if engine repairs to secure a com¬ 
plete equipment because airplane eiif^ine parts are expensive and as they 
are more lightly constructed than automobile engine parts, operations with 
ordinary tools that would not injure auto cn^pnc parts may result in serious 
distortion of aviation engine parts. The cost of replacing a few damaged 
parts will easily pay for special tools to remove them without damage. 

Napier-Lion Engine Kit.—As an exatntdc of the tools furnished in a 
modem standard kit, the reader 5s referred to Fig. 848, which shows the 
outfit supplied with each Napier-Lion engine. As compared with earlier 
tool kits there arc certain alterations, sonic tools now being omitted or 
superseded, and others added. It .should he noted that the tool kits may 
be modified from time to time as considered necessary. 
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Pi^. $46.~I]]uctnt)on of Spccul Tooli Uted in RepaiHnc Ntpier ^'Lion** A«ro 

Enfinot. 
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Pan No. nrsrrif>tion 

Box SfUIMIKTs 

Box Spamier %^x i‘..' Wliil. 

* 


.V4i12 

Jnw S|iaiiii 

Jaw Spanners 
ler B.S.F. 

3<'>8l.i 

14 


.V>KI4 

41 

•• 

•* 

.V«I5 

%% 


«'*X •• 

.Vi8l6 

II 

II 


.ViHI7 

M II 

A'XH'' 

3f>8m 

41 

4« 

- 

3f»K19 

4l 

II 

irxi."“ “ 


36H2n 

36K21 

3^>a2J 

y»2s\ 

36H2A 


Tbin Jaw 

*4 »» 


Special Spsinnerfi ant! 

27.15.1 Spanner for Airscrew Boss Kraiil FlaiiKo Nnl 

27<>K,? Knil fur Vulvc Seal S>wnncr. 

27(i84 Valve Seal Spanner.. 

27i*2^p Spanner leir Crank Vrtnii Kiicl B<»li. 

270.111 S()(inT>cr f(»r C'rank. l*'nnU RikI Ikili Nut .... 

27774 Bin Si>anm*r fur V'alvv AtljiiMuiR. 

27778 SpaniUT fur Valve AtlnistiiiR. 

.12765 Spanner for Air^^crcw Shaft IfmiMiiK Front an<l 

Rear Nuts . 

.12763 Spanner for Airvorew ^*rcHM Bvarhis Nnl. 

2735H SjKinner f(»r Canisliaft Drive Bearinff Cover.... 

26869 Tommy Bar. l^ritc. 

26880 Tommy Bar, Small. 

27775 Tommy Bar. Vz* ilia. 

324KK Spjinner for Diffuser Base. 

32489 Spanner ftir Main Jet ami Gudgeon Fin Seiscrew 

32761 S|)amK*r for Final Cliainher Base FIur. 

32490 Sinnner for Diffuser Base Flujf. 

27.14K Spanner for Oaiikvliafi Gear Wheel Nut, (‘rank- 

shaft Hear Bvarmft Nut ami Airscrew Bt>ss Nut 

27349 Si>aunrr for Airscrew Rear BtsiriuR Nut. 

3Cli8l Special Spanner for Rear Hml Cover. 

30H70 S)K«imcr for C'amsliaft and Mapt Bevel Nut . 

.13788 ('arliUTVlor Spanner (for Nuts aei4»SH and 

2 B.A.) . 

Spanner for Gland Knt. 

32707 Spanner for Camshaft Drive Tut>c Kml Fiece.... 

3270H Spanner for C^Baider I lidding Down Nuts. 

32772 Spanner f<ir Thrust Collar (Wonn Shaft). 

39050 “C’* Spanner for Water Ctuipliiig. 

39651 *‘C** Spanner for Water Coupling. 

39652 Flat Open Spanner for Ji* W'ater Coupling. 

39653 Box Spanner for Magneto Ko4>t. 

39648 Flat Box Spanner for MaRiietu Foot ami Induction 

PilK* R1 Im»ws . 

29000 Pointer for Cranksliaft.. 

29893 rimiiiK Plate . 

Piston Position Indicator 
33697 Screwdriver (12* kiUK) 


% « 
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NAPIER-LION ENGINE TOOLS—Continued. 

Onaiitity 

Xo. St'l 

Sm*.vi1rmT ir***" ImiivJ. 

Ilaniiiivr. 

Hu'rs. 

Trt)| H^ix .. 

Airscrew rxtractor 

274*55 Holt for Airscrew I loss Kxirndor. 

274‘>J Wrihlicr fnr Air'^rcw E\ir:u*h*r. 

274*4 I'lvirirtor fr»r Airs4*rx*w lU»ss. . 

Gudist'itii I'm KMrmiiir 

2JWW5 (imlKmn I'iii K\lruiMr. 

2574.1 Gti.ljjerm I*mi Kslracinr Si*n*w. 

(imlKciin Pin F.xiro4i«ir <*iil1.ir. 

2KH97 I'm KMnuinr W.isIht . 

RKS.n7(;. Nm . 


Crankftliafl Gear Exlraclnr 

274^> l'.Mr:ir|r»r ft»r O.iiikMiaft f/r«r NVIuvl. \ 

275UI liitlt f.»r (V.iiikshaft fW%ir WImvI.2 

liKSMriH Nin . 2 

MeiOKio Siumnerfi 

Hox Spamicr (or ('mu SiTcw. ] 

S|K»niK'r Sh for Coni;o*i Itienker. 1 


Hispano-Suiza Tool Kit.-^'l'he tocil <mint furnishH with llispano^Stii^.i 
twclve-cyliu<lcr Vcc eii^tiiips ix Mu ami al 849. The li.M follows t— 
16,474—Maf^nelu breaker wrench. lf>.47.1—^^*pelJch for carburetor altacli- 
ing plate. 16,475—Special wrench for propeller hub retention lock nut. 
16,464—S])rciaI wreiKli f<ir i^rujieller hub retention nut. l5,H4-k—Kml 
wrench fur nut.s holding cylinders. 16,46.^—Hox wrench for camshaft re- 
taing nuts. 15.577—Wrench for cylinder l)lock bolts. 1070^—Special 
wrench for adjiisting valve clearance. 16.476—Special WTcnch, tioiible end. 
for removing air starter clteck valves. 16.477—Special bo.\ wrench. 10.706 
—Box wrench with crank handle to reach cyliixlcr retention mils. 16,4<>7 
—Bar handle f<»r wrenches number 16,470 and 16.46»3. 14.243—Bar handle 
for wrenches 16,476 and 16,473. 16,4t‘/i—Ikir handle f<ir wrenches 14,489 and 
16,469. 22,419 and 22,420—luid wrenches. 15.842—Sjiccial cn<l wrench for cyl¬ 
inder retention mits. 16.4f»8—Ratchet Iki.s wrench f<ir connecting nxl. 16,471— 
Spanner for ball liearing lock imt. t0.tf98—Spanner for vertical drive tube 
retention nuts. 16,4<>5—Bc»x wrench with crank handle for removing cylin¬ 
der block cover. 22,421—I'hul wrench. 15.584—Wrench for tightening 
carburetor float chamber relentuni nut. 16.4f>9—Socket wrench for eight 
millimeter nuts. 14,489—Socket wrench for sparkplugs. 15,843—Special 
box wreJich for cylinder retention nuts. 10,700—Gauge for valve clearance. 
16,472—Wrench for magneto retention nut. 16.470—I-ong socket wrench. 

Stands for Overhauling Airplane Engines.—After an airplane engine 
has been in u.se for a ^>eriod ranging from 120 to 300 houVs. dei>en(ling upon 
the type, il is ncccs-sary tt> give it a thorough <iverhaiiling l)cfor€ it is re¬ 
turned li) service. To do thi.s pro^jcrly, the engine is removed from the fuse- 
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Fig. 849.—Special Toola Uted in Disnuntling and Repairing Hitpano*Suiza Enginaa. 

lai^c and ])laccd (»ii a suii|Hirlin}; stand. Midi as shdwn at 850. 

so it can 1>c placed in any jxisition and completely dismantled. With a 
stand of this kind it is as easy tn work on the bottom of the engine as on 
the top and every part can l>c instantly reached. The 0X2 motor crank¬ 
case shown ill place in ilhistration is in a ver\ convenient pcjsition for 
scraping in the crankshaft lK*arings. The entire a^seiubly can be rolled 
around so any part can be reached and a datup lock, imt shown in the 
illustratum. niakcs«it jM»ssil)le to hold the stand in any <]csired position. 
Another type of engine stand, as recommended by the makers of Napier- 
Lion engines is shown at Fig. 851. This is well adapted for handling large 
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engines of the Vee or W form and the swinging cradle may be placed in 
various positions after the engine is in place. The .stand is provided with 
small wheels so it can l)e moved al)out the shop. That shown at Fig. 850 
is a fixed ty|>€ because the supjxirting pedestals arc bolted to the floor. 
Stands for radial engines are different in construction from those illus¬ 
trated and blue prints of practical designs can l>c obtained from makers of 
such engines. The rca<ler is referred to the chapters on rq)air and overhaul 
of specifle types such as Siemens and Wright (or suggestions. 



Pig. SSO.^SpecUl Stand to Hake Motor Overhauling Work Easier. Stand Shown it 

Arranged for Curtisa OX Series Motors. 

Stands for the propeller assembly and repair of various accessory groups 
should also be provided, and as the mo<lern aviation engine is usually built 
up of a numl>cr of distinct assemblies, if some means are provided for 
working on these when they arc roimived from the powcrplant. the repair 
work will be facilitated. All the shot> specialists such as magneto and 
instrument men should have their own lienches aii<l test equipment. As an 
example of a simple bench stand for holding an engine part, the illustra** 
tion at Fig. 852 is presented. This is self-exjdanatory and shows the swing¬ 
ing stand recommended by makers of the Napicr-Lion engine for holding 
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the rear end crankcase assembly. As this includes the tiniini' and acces¬ 
sory drive gears, water pitnip, etc., a convenient stand as shown greatly 
imi)rovcs the work of checking <»r rejiairing I he parts. 

Numerous pieces of shop ftirnilure can 1)e made t<i st<»re ]mrts to prevent 
damage. For example, the long crankshafts of six-cyliti<ler*in-Hne or Vee 
and W motors are easily distorted or sprung if carelessly handled. The 



Fig. 851.~Specia] Stand Designed by Makers of Napier **Lton'* Engines to Support 
Their Motors Can be Modified to Fit Any "Vee** or In-Line Motor. 

supporting stand at Fig. 853 was used in store Curtiss OX crankshafts in 
the motor repair shops at Hazelluirst Field (now Curtiss Field) and as all 
dimensions are given and the construction is clearly shown, no difficulty 
should 1>e experienced in either duplicating or modifying it. Special benches 
having bins and shelves to hold varitius parts are very valuable for use in 
connection with overhauling engines and can be devised to suit the partic¬ 
ular type of engine worked on. For example, a rack can he built to hold 
each individual cylinder and the compartments may be further divided to 
hold the piston, connecting rod, etc., for each cylinder. Numbered holes in 
a Iwnch top hold valves and prevent damage and a series of numl>ered pegs 
can be used for parts .such as valve springs. All parts of an engine can 
thus be kept together and replacement will l)e jHisitive and quickly ac¬ 
complished when the engine is rc-assembled. 

QUESTIONS FOR REVIEW 

1. Name eome common hand tuoU useful in aero ni^inc work. 

2. Outline method Sf using micrometer caliper. 

3. Name forms of hand drilling machines. 

4. What are the best graduations on rules and scales? 

5. Why are special engine stands valuable? 



CHAPTER XLIV 


GENERAL INSTRUCTIONS FOR OVERHAULING ENGINES 

Marking Piecaa for Identification^Uaual Ditnuntling Procedure-^leanllneM of Parti 
Biiential—SkiUed Woritjnanihip Imperative—Engine Reconditioning Operation! 
—Defect! in Cylinder a—Carbon Dcpoaita, Caufe and Prevention—Uae of Carbon 
Scrapera—Burning Out Carbon with Oxygen—Repairing Scored Cylinderv-Siaing 
and Finiahing Cylindera—Valve Removal and Inspection—Precautions in Re¬ 
conditioning Valvea—Reseating and Truing Valvea—Valve Grinding Processes— 
Depreciation in Valve Operating Systems—Piston Troublea-^Piston Ring Ma* 
nipulation—Pitting Piston Ringa—Written Wear—Inspecting Crankshaft and 
Crtnkcaae—Inspection and Refitting of Engine Bearings—Adjusting Main Bear* 
ingfr—Scraping Brasses to Fit—Remetaling Babbitt Bearings—Fitting Bearings 
by Boring—Asaembling Roller Type Main Bearings to Crankshaft—Oil Retaining 
Plugs—Diamantling Roller Bearing Crankshaft—Fitting Connecting Rods— 
Sprung Camshaft—Precautions in Re-assembling Parts—Testing Bearing Paral* 
leJiam—Final Inspection of Engine after Overhaul—Test after Overhaul-Run¬ 
ning In—Two Hours Test—Half Hour Test—Maintenance of Engine in Stores— 
Selection of Tolerances and Running Pits» Napier*Lion Engine. 

While specific instructions U*r rqmirinjj have l^een driven in the various 
special chapters dealing? with individual makes of engines, the reader will 
note that in these instructions the builders have made sj>ccial men- 

tion of the precautions to be observed in overbaulinj' their own cnijines and 
have pointed ont the differences in mechanical conslniclion between their 
design and more conventional types. While no general in.striiclions can be 
given that will apply e<]na11y well to all types of aviation engines, there are 
certain mechanical processes that arc the same in the main essentials in 
repairing all types. This chapter snininari/cs the instructions previously 
given and in some cases there may be a reslalcmcnt of farts presented in 
other chapters, but these reviews arc to make sure everything is fresh in 
the reader's mind. The various processes tire considered mure in <letail in 
this chapter as in presenting the individual maker's engine instructions, the 
assumption was made that the reader was already familiar with rejiair .shop 
practice to some extent. Thus chajiter, read in connection with that preced¬ 
ing on t(x)ls used will serve a.s a g«HHi introduction to engine repair shop 
practice and should be of value to mechanics skilled in kindred lines, such 
as automobile repairing and in machine work. 

Before working on any engine, the careful mechanic studies its construc¬ 
tion and as no one can he expected to knnw evcr)'tliing, if something comes 
up he does not understand, he will hnd out about it, either from fellow 
workmen or by asking experts familiar with that particular engine. Some 
mechanics are ashamed to be seen cnn.sulting nn instruction book and will 
blunder their way along when a few minutes study a diagram would 
have made their work easier. Only the best grade of work is permissible 
on aviation engines and the slipshod methods of the average automobile 
repair garage cannot be tolerated on the flying field. Aviation mechanics 
must know what they arc d*mig l>efore they start. It is for that reason that 
the writer feels the following summary can be read to advantage by even 
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experienced mechanics. The beginner or student is not afraid to study and 
ask questions, it is the more exjwrt who is apt to consider reference as to 
fits or tolerances, for example, of various engine parts to he heiieath hisi 
dignity and in fitting pieces, he may u^c exiK*rience gathered with one 
engine when working on an entirely dilTercut t)]>c instead of finding out 
just what the engine builder recommends. 




Pig. 952.—Special Swinging Sund for AcceMOriet Drive Gears of Napier '^Lion" 
Engines Useful to Illustrate Possibilities with Stands of this General Character for 

Other Aisembliet. 

Marking Pieces for Identification.—In order l<K»k i»ver the parts of an 
engine and tn restore llu* worn or defe<*tive conip<Mients after an extended 
period of flying it i^uccessary to take the engine entirely aj>art. as it is only 
when the powcrplant Ls thoroughly dismantled that the parts can be in¬ 
spected or measured tu determine defects ur wear. If one is not entirely 
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familiar with the enpne to be inspected, even though the work is done by a 
repairman of experience, it will he found of value to take certain precau¬ 
tions when dismantling the engine in order to insure that all parts will be 
replaced in the same position they occupied before removal. There are a 
number of ways of identifying the parts, one of the simplest and surest 
being to mark them with .steel numhers or letters if not already marked or 
with a series of center ]nmch marks in order to retain the proper relation 
when re-assembling. This is of special ini]>ortancc in connection with dis¬ 
mantling multiple cylinder engines as it is vital that pistons» piston ring.s. 
connecting rods, valves, and other cylin<ler parts be ahvay.s replaced in the 
same cylinder from which they were rcnnived. because it i.s tmcoininon to 
find equal dcpreciatum in all cylinders. Some repairmen use small paper 
shipping lags to identify the pieces. This can he criticised because the 
tags may become detachcfl and lost and the blcntity of the piece mistaken. 
Metal tags with stamped numbers therc<»u and wired to Ibe pieces to be 
identified arc not so apt to be lost as cardboar<l or ])apcr tags attached with 
string arc. If the repairing is being done in a shop where other engines 
of the same make are being worked on. the repairman should be provided 
with a large chest fitted with a lock and key in which all of the smaller 
parts, such as ro<ls. bolls and mils, valves, gears, valve springs, camshafts, 
etc., may be storc<l to ])rcvent the possibility of confusion with similar mem¬ 
bers of other engines. All psrts should be thoroughly cleaned with gasoline 
or in the |>otash kettle as removed, and wiped clean and dry. This is neces¬ 
sary to show wear which will be evidenced by easily identified indications 
in cases where the machine has been used for a time, but in others, the 
deterioration can only be detected by delicate measuring instrutnents. 

Uaual Dismantling Procedure.—Tn taking down a motor the smaller 
parts and fitting.^ such as sparkplugs, manifolds and wiring should be re¬ 
moved first. Then the more important members such as cylinders may be 
removed from the crankcase to give access to the interior and make jiossible 
the examination of the pistons, rings and connecting rods. After the cyl¬ 
inders arc removed the next o|>cration is to disconnect the connecting rods 
from the crankshaft an<l to remove them and the piston.s attached as a unit. 
Then the crankcase is di.sniembercd. in most cases by removing the bottom 
half or oil sump, thus ex^msing the main liearings and crankshaft. The 
first operation is the removal of the inlet and exhaust manifolds. In order 
to remove the carburetor it is necessary to shut ofT the gasoline supply at 
the tank and to remove the pil>c coupling at the float chamber. It is also 
necessary to disconnect the throttle ojierating rod. After the cylinders arc 
removed and before taking the crankca.se apart it is well to remove the 
water pump and magneto. The wiring on most engines of modern develop¬ 
ment is carried in conduits and usually releasing two or three minor fasten¬ 
ings will permit one tt> take off the plug wiring as a unit. The wire should 
be disconnected from both sparkplugs and magneto distributor before its 
removal. When the cylinders are removed, the pistons, piston rings, and 
connecting rods are clearly exix>sed and their condition may be readily 
noticed. 

Before disturbing the arrangement of the timing ge^rs. it Is important 
that these be marked so that they will be replaced in exactly the same re¬ 
lation as intended by the engine designer. If the gears are properly marked 



RACK FOR CRANKSHAFTS 


1777 


the valve timing and magneto setting will he undi.stnrhe<l when the j>arls 
are replaced after overhauling. With the cylinders off, it is possible to 
ascertain if there is any undue wear present in the ct»nnccting rod hearings 
at either the wristpm or crankpin tmds and also to form some idea of the 
amount of carhoti dc]H>stts on the piston top and hack uf the piston rings. 
Any wear of the liming gears can als<» he determined. The removal of the 
bottom pl<atc of the engine enables the repairman to sec if the main bear¬ 
ings are worn unduly. Often hearings may he taken up sufficiently to elim¬ 
inate all liHiseiicss. In other cases they may be worn enough so that 
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carcfu) refitting; will \k ticcc*ssary. Where the crankcase is divided horizontally 
into two portions, the iipjxjr one serving as an enj^ine base to which the 
cylinders and in fact all un{M»r(ant wr»rkiii|f parts arc attached, the lower 
portion performs the fniirlions <if an ml container and rc»ver for the internal 
mechaiiisin. This is (he constniclimi generally fijllowed. 

Cleanliness of Parts Essential.—Since the presence of dirt. i;rime and 
furnish little iiispiraiioii for painslakini' and accurate workmanship 
bill, on llic contrary, grvutly <lccrcasc the efficiency of even the best inc- 
chanics, the first o|Aeration slH»uld l«c a tho^ou^h w.ishiiii* of the engine 1>y its 
conipicie suhnicrsion in a tank of liot water and washing so<la, <ir any one 
of the scNcral cNCcdlent n ashing solulions marketed tinder weibknown trade 
names, The cnpne shonicl then be mounted on u universal cn?inc*stand 
and completely dismantled. Then the se]»arale parts shunl<l he washed 
ajjain Ui remove all traces of trrease ami oil. At the same time, ull oil lines 
in the crankcase and crankshaft should he blown out ami thorou^^hly 
cleaned. A careful inspecticm and chcck’iiit slnmhl then he imifle of all jiaris 
that are subject to wairpa^e or wear. (Inh hy such a proredure can the 
conditionh refptinn^' correctu»n he de(erniiiK*d. and this inspection work 
should always Itc done hy a capable ineehanic. skilled in the use of microm¬ 
eters and other precislim inslruuienls It is assnmetl. of course, that 
every shop attempting the reconditioning of aulounilive cu^iue.s is c<iuipped 
witli a full set of precision uieasurmu nisirnnienis. such as inside and outside 
micrometers, surface jdales, dial aiul lest iudicators. 

Skilled Workmanship Imperative, h is almost criminal for anyone who 
lacks a knowledge of elementary niechanical en^ineennj; priucitdes ami 
mlcroiiieter experience to lake down ami attem{it tu re-assemldc a 
machine built with snch exactness as an a\ialhiii cui;iiie. Successful re¬ 
conditioning' id .such an engine depends u|Niri the iitmo.st cxactncHs in allpi- 
Inj; or stjuarinj' each part with all llie others, starliiij; willi tlie cylinder 
hasv-lhie of the crankcase as datum and .securing perfect parallelism with 
that 1in.se of the crankshaft and tlie camshaft, the main iKStriu^s. connecting- 
ro<1 hcnrini's. pislon-puis and camshaft 1»earin)>s. and sr[u.arin^ the cylinder 
bore.s and the eonnectiny r<ids at iwrfect ri^ht angles to the base line. An 
error at one |iomt cannot he compensatctl for at another point. Kerntishing 
worn cylinders, futing new pistons, line-boring and fittmg hearings anct 
bushing.s. grinding aiul realigning crankshafts and similar work call fur 
operations and tolerances uicaMirahle in thou.sandths mu I even in ten- 
thousaiidths of au inch This nece.ssitates the employment <if special fire* 
cision instruments ami s]»ecial iiiachine-tiHil.s and a knowlctlge of their 
prnjKT use. 

Engine Peconditioning Operations.—The inajerr operations of recon¬ 
ditioning an engine, following tlie preliminary washing and complete taking 
down of the engine and the cvninination and checking of the parts w*ith 
miennneters. surface plates, dial gauges and test indicat<jrs, are described 
in a pajicr j)uhlished in the .V .JtmriHtf hy Robert C. MeWane and vari¬ 
ous excerpts are repnwinced in thus chapter. Methtuls <#f rcfmi.diiug cylin¬ 
ders, as boring, reuming. honing and grinding, are described and attention 
is directed to the dilTerence in application of these methods in the factory 
and ill the recomliiioning sho|j. I-sc of a heavy-<luty cylinder-grinding ma¬ 
chine is recummended as the only method that is capable of restoring the 
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original trucness of the cylinder bore with the base of ihe cylinder-block 
and satisfactorily and economically rorrcftmg \\<*ru and \var|>cd cyliiulers 
with the niiiunmni loss of inctal an«l of prodnriit}* a fniisluvl surface ecpial 
or sUJ^eru^r to that |m«bK*i*cl by aii\ oIIut iiictbiHl. ;uH*t»rdln>f <o Mr Mc-^ 
Wane. 

The inijjorlancc ai kecjdiij; ibc crankshaft in t»crfcct condition is eni- 
])hasixed. but tbc rccoudiiionin^ of a shall ihai is worn or out of alignment 
sh(>uld never be atteni]>lcd by tiling. Innnn^. la|»]>ing or polisliing ('rank- 
shaft grinding nMjnires extreme care am) satisfactory rcsnbs can be ob¬ 
tained only by the use of machines built cs]u*cially for the jnirposc. Tbc 
most exacting part of a rccondilnining job is tbe filling of the main and 
connecting r<«l bearings, aiul the best cngiiiccring practice calls for the use 
of a type of universal cf|niiuncnt having' a cnttcr-tool bar that can be ad¬ 
justed with micToiiiclcr accuracy. W'ben a crankshaft has been regroiind, 
new underside mam bearings sboidcl be used, n^ otherwise the timing-gear 
centers will lie changc<l ami the pilch line of the gear train disiurlicd. caus¬ 
ing the g^ears lo jam and become noisy. 

1'bc difTcreucc betwt^cii fitting bearings into a new crankcase and into 
an old one is great. To coinpciisalc for wear ant] warj)age in an old one. 
the licanng halves slxmbl be left from tHlf>i to OOlKl inch almvc tbe crank¬ 
case ami cap faces, so that when holtmg' the caj> on the case tlic bearings 
will have a drive lU. Other ojicraliims in fitting ami bormg Ihe bearings 
are explained in proper sc(|itcncr. Tbe filling of Imiing-gcars. camshafts, 
idler gears and their bushings and waler-jmnt[i and inagnelo shafts and the 
putting into mechanical order of the valve |uish-r*Mls and adjusting screws 
reijuirc as great precision a.s Ihe major operations. 

Defects in Cylinders.—After the cylnnler.s have been removed and 
strippc<i of all Httings. they should be tiuirtmglily cleaneti ami then care¬ 
fully examined for tlefects. The internir or bore sivnild be looked at with 
a view of finding .K<*ore marks. gr<M*ves, nils or .scralclH's in the interior, )H“catiso 
there are many faults that may be ascribed to dciireciatuni at tins ptiint. 
The cylinder bore may be worn out of romid, which can only be <let<*nniueO 
by measuring; with an internal caliper or .special dial indicator fixture even 
if the cylinder Inirc .shows no sign of wear. The llaiigc at the bottom of the 
cylinder bv whidi it is held to tin* engine Ikisc iiwiy l»c war^wxl or cracked. Tltc 
water j.acket may have <ii»ene<l up due to frw/.iiig of the jacket water at Mime time 
or other tir it may be fdlc<l with .scale and sediment due to the use of impure 
cooling water. Aviation engine cylmtlcrs using .steel water jackets should 
be carefully tcstetl tt> make sure the jacket has not c<»rrodcd. The valve seat 
may be scored or plltecl. The detachable head con.slruclifm makes it pos¬ 
sible to remove that member ami obtain ready access to the jnsion tops 
for scraping out carbon without taking the main cylinder pc^rtion from 
the crankcase but this method of constructhm is not found on many aviation 
engines. When the valves need grimling a detachable head may be removed 
and carried to the bench where tbc work may be performed with alxsolute 
assurance that none of tfie valve grimlitig compoutxl will penelrale into the 
interior of the cylinder as is sometimes unnvoidublc with the I-hea<l cylin¬ 
der having head integral. If the cylinder slnmbl be scorcil. the water jacket 
and coinbiislitm heacl may be saved and a new cylimlcr casting purchased 
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at conflulerahly less cost than that nf the complete unit cylinder. 

The detachable head construct it m has only rccentlj' been applied on air¬ 
plane thon^di it one <»r the earliest forms of antotnnfiite engine 

constructit»i>. In the early days it was difficult to |)rocnre jjaskets <»r pack¬ 
ings (hat w'onbl be lunh ^as and water ligiK. 'J'be >liec’t asbestos commonly 
used on early engines was toti Mift and blew out readilv. Besides a new' 
gasket had lit be made every time ibc cylimler bead was removed. Woven 
wdre and asbc.sto.s packings impregnated wilh nibber, red lead, graphite and 
other filling materials were more satisfactory than the soft sheet asbestos, 
bill were prone to burn fuit if the water supply became low. Materials such 
as sheet c«»pptT or brass pnixed to be too har<| to form a snfTicieiitly yielding 
packing ineibtim that wfmid a!li»w f<»r the inevitable sliglit inaccumcios in 
machining the cylliuler bead and cylinfler. The invention of the cojjpcr- 
asbestijs gasket, wliicli is composed of two sheets of very thin, soft cojijwr 
boun<l tiigellier by a thin edging of the same materia) and having a piece 
of sheet asbestos inter|w»sed solved this problem. Copper-asbestos pack¬ 
ings form an cffeclixe seal against leakage iif water and a positive retention 
means for keoimig the exiib»skm pressure in the cyliniler. The groat advan¬ 
tage of the cletachabic liead is that it permits verv easv inspection of the 
piston tojis and conilmsiion-chamber and ready removal of carbon dcjmsils. 
In air-cooled engines, however, the cylinder hca<ls are iisnally integrally 
cast or permanently a.ssemblrd thereto because superior coiiling is obtained 

bv that nietlu^d of construetkm. 

• 

Carbon Deposits, Their Cause and Prevention.—Most authorities agree 
that carbon is the result imperfect ctnnbnstion of the fuel and air mixture 
as well as the use of lubricating oils of iinprojier flash jioint. Lubricating 
oils (hat work ?>y the piston rings may become <lecoint>o.sed by the great 
heal in the combiistum-chanibcr, but at the same time one cannot blame the 
lubricating oil for all of the carbon dciiosils. There is little reastm to sus¬ 
pect that pure t»c(ndcnm (mI of jiropor ImmIv w'ill deposit excessive amounts 
of carbon, though if the <»il is mixed with cnst<»r oil, which is of vegetable 
origin, there would be miicb carbon left in the interior of the ct>nibnstlon- 
chamber. Fuel mixtures that arc to<i rich in gasoline also protluce these 
undesirable aceinnulation.s. 

A very interesting chemical analysis of a sample of carbon scraped 
from the iulerior of a inol<»r ^eh*cle engine shows that ordinarily the hi- 
bricanl is mtX as mpeh lo blame as is eonnnonly supjmsed. Tbe analysis 
which undoubtedly differs fonsiderably from that of carbon from an avia¬ 
tion engine was as follows: 


Oil . N.3% 

Other OMnl»iisli1»lr iiwiter. 17.9 

Sami, clay, clc. 24it 

Irnn oxklc . 24.5 

CarlKifiaie of Iniic. 8.9 

Other ^•^J^l^t1tnen|'. . 9.6 


It is extremely probable that the above could be divided into two general 
clas.ses. these being approximately 32.2 |>er cent oil and rnmbustible matter 
and a much larger prof ion ion, nr 67.8 per cent of earthy matter. The 
presence of such a large percentage of earthy matter is undoubtedly due to 
the impurities in tbe air. such as road dust which has been sucked in 
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through the carburetor. The fact that over seventeen per cent of the mat¬ 
ter which IS combastthle wa.s not of an oily nature lends strong* support to 
this view. There would not he the amount of earthy material present in 
the carbon de|>osits of an airplane cn^^dne as above stated l>ecausc the air 
is almost free from dust at the hi^h altitudes tdanes are usually flown. One 
could expect to find more conihnstihle aikI less earthy matter and the car¬ 
bon would he softer and more casilv removed It is very pood practice 
to provide a screen on the air intake to re<luce the amounts of dust sucked 
in with the air as well as ohservinp the proper precautions relative to sup¬ 
plying the proper t|nantllies of air to the mixture and of not using any more 
nil than is needeil to insure pro|>cr luhncatiou of the internal mechanism. 
The in>tx>rlant |H»ints to keep in mind if airplane engine carhim (le|)osits arc 
to he kept at a minimum are the use of pro|>cr lubricant and fuel, though 
training airplanes which make frequent landings aiicl take-olTs an<l fly 
nearer the ground than service jdanes do ccuild use air fillers aclvantago- 
<iusly, as could jdaiies iiseil f4»r '‘passenger hops.** 

U$e of Carbon Scrapers.—It is nut unnsual for one to hear an aviator 
complain that the engine he operates is m»t as responsive as it was when 
new after he has run it but relatively few hours. There <li»es not seem to 
be anything actually wrung willi the engine, yet it does not respoml readily 
to the throttle and is apt to overheat While these symptoms r»nlinarily 
denote a rniidown and worn eumlitlon of the ineohAiiism. the trouble is 
often <liie to iiotbing more serimis than aocnmnlatious of carbon and need 
of valve grinding. Tlie remedy is Ihe removal of this matter out of place. 
The surest way of cleaning llic insi<le of the motor thoroughly is to remove 
the cylinders, if these menihers arc cast integrally with the heail or of re¬ 
moving the head member if that is a scjxirAte casting, to expose all parts. 

In certain forms of cylimlers. it Is po.vsihle to intrcMluce simple scrapers 
through the s]iarkphig hole if this cnni|H»tK*nt is ])]aced in the cylinder in 
some positum that communicates ilireclly to the interior <jf the cylinder or 
to the piston top No claim can be made for originality or nrwclty of this 
j'lroccss AS it has been vised for many years on large stationary engines. 
The first step is to dismantle the inlet and exhaust piping ami remove the 
spark]>lugs, nltliough if ilie <lc])osit not extremely hard or i)resenl in large 
quantities one can often manipulalc tlie .scrapers in tlic openings without 
removing either the pijnng or the valves. Carbon can be removed from 
the valve port interiors through the large o}»euings left by the removal of 
the pij'ing. Commencing with llic first cylinder, the c^ank.^h^^l i.s turned 
till the pi.ston is at the top of its .stroke, then the scraper may he Inserted, 
and the operation of removing the carbon started by drawing the tool 
toward the ojiening. As this tool is similar to a small hoe, the cutting edge 
will loosen some of the carbon and will draw it toward the opening. A 
swah is made of a piece, of cloth or wa^tc fastened at the end of a wire and 
well soakcil in kcr(»sene to clean out tbc cylinder. 

When available, an electric tmUor with a length of flexible sliaft and a 
small cirenhir clrnnmg hru>h b.'iving wire brislles c;ni s<»nietunos be useil 
in the interior ot tjic engine. The electric motor need not be over i>ne- 
eighth horsepower niniimg l.iCX) to r.p.m., and the w ire brush must, 

of course, be of such size that it can be easily inserted through the spark¬ 
plug holes. The flexible shaft permits one to reach nearly all parts of the 
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cylinder interior without difficulty and the j^preading out and flattening 
of the brush insures that considerable surface will he covered by that mem¬ 
ber. Most airplane engines are so constructed that a thoroughly good job 
of carbon removal can be acc<»mplisiic<l only h\ reiiKJving the cylinders to 
expose (he cylinder conibustuin-chainbcr interiors and the piston tops. 
This permits t»f tluirough rcnuivnl of all foreign matter an<! no ridges of 
carbon arc left as is I lie case when scraiwrs are introduced through spark* 
plug holes. 

Burning Out Carbon with Oxygen.—.\ iwnccss that gives very good results 
in renun'ing carlM»n wil)if»ut disassenihinig the motor do|>ends on burning out 
that malCTial by sup|»lytng oxygen U* sn|>|M»rl the combnslion and to make 
it energetic, A iiumber of cuncern^ arc ulre;nly odering apparatus t<» ac- 
coinjilish this work, and in tact an> sbi»|» tising an anliigeiiuiis wcd<lmg out¬ 
fit may use the oxygen tank atid redneing valve in coiincclion uith u simple 
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sjH’cinl torch for burning the carbon. Results obtained w Hh aiilnniobilc 
engines have demon si rated that there is little ilanger of damaging the motor 
parts though the heal generated might di.sli»rl the lighter aviation engine 
pieces ami that the cost <»f oxygen and hdnjr is imich lower than the old 
method (*f reini)ving the cylimlers and scrajiing the carbon out, as well as 
being very much <]nicker and mure pi>silive tlian the alternative j^roccss of 
using carbon solvent. The only drawback to this system is that there is 
no ab.sohitc iiisnrniice that every particle of carlxm will bereniovcch as small 

protrinling particles may he left at pi»inl.*< that the flame d<»es not reach and 

cause i>reiuiiiliou ami consec(iieiit iHiiinding. even after the oxygen treat¬ 
ment, It is generally known that carbon >vill burn briskly in the |>rc,sencc 
of ox \ gen. which sn]ipc»rts combust ion of all materials, and this iirocess 
takes advantage of this fact ami causes the gas to be injected into the com¬ 
bustion-chamber over a flame Initially obtained by a match or wax taper. 

It is suggested by those favoring this process that the night before the 
oxygen is to be used the engine be given a simple kerosene treatment. A 
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half tumbler full of this Ikniul or of <lenaturc<l alcohol is lo he poured into 
each cylinclcr and ijcnnittcd to remain llivrc over As a precaution 

affHinsI fire, tlie i;as<»litu* is shut olT from I lie earhnrclor before tlie torch is 
inserted in the ovhnder and the nioior started so that the Lrasobne in t1ic 
pipe and carbnrelor lloal ehainber nil! be* etnixnined \\‘ork is done <ni one 
cylinder at a time beinj^ sure that both valves are closed and the piston is 
at the U>i» of its enmiiression stroke A iu»le o\ cant inn was recently 
sounded bv a prom men I spark nbig; niamiraclurcr rectnn mending that the 
idufj* be removed from the cylimler in order not to injure it bv llic heal de- 
vel<»iu'd. Tlie onlfils on tlie market consist <d a si>ecial torch bavinu a 
triftt^er controlled valve ami a leiijjlh <d Ilexildc tubiiij; such as shown at 
h*ij^. 854 A. and a rejjnlalinp valve and osyj»en tank as shown at H I'lic 
j^an^c shoiibl bo made to rct;tster <abcMil twelve jioiitids tiressure. TTie 
method of <iiicration Is very siinjde ami is ontline<l at C*, The bnrjicr tnijc 
is fdace<l in the cylinder and the Irij^j^er valve is opeur<l and the oxygen 
permitted to circulate In the condmstum-clmmber. A lighted match or wax 
tajKT is drojiped in the chamber and the injector tube is moved around as 
inucli as ]«jssible so as to cover a larf*e area. The carbon takes lire and 
burns briskly in ibc presence of the oxygen The combustion id the carbon 
is accomiiauied by sparks ami sometimes by flatne if the del's»sit is of an 
(diy nature. Once (he carlKui fiettius to hum the c<»mbiistioii continues 
without interrupt Ion ns hmt; as the ow^eu > into the cylimler. Full 
instructions acciunpanv each outfit ami the amount of )»resMirc for which 
the re^idat<»r slnutld he set depemls upon the clesi^n of the t<n'ch and the 
amount <d oxygen contained In the sti»rn^e tank. 'Phis metbcnl sbendd be 
used only if it is .saucllonetl by the ent'Mic builder because aviation engine 
ccmstruclicm is dllTerent in many im|>c»rlant respects from automobile en¬ 
gines which have been cleared of carbon siiceessfnlly by this method. 

Repairing Scored Cylinders.—If the engiue has been rnn at any time 
wilhout ade<iuatc lubrication, one or more of the cylinders may be found 
to have vertical scratches runnluj; up and flown the cylimler walls. The 
depth of these will varv accofflmg in the auiouiit <if time the cylinder was 
without lubrication, uml if the gnswes are very <lcep the only remcfly Is 
to purchase a new member, Of course, if snfllcient slock is available in the 
cylinder walls, the cylinders may be reboretl .ind new pistons which are 
oversize. /V-. larger than stanilar<l, may be filletl. As a rule, aviation en¬ 
gine cvlimlers are so thin that rebonng nr regrimling oj>cralunis are not 
jiractical if the scratches are Kcry tlcep. Where the scratches arc not flecp 
they may he grouml out with a high speed eincrv wheel cvlinder grinder 
or lapped out if that ly|>c of machine is not available. Wristpins have been 
known to come loose, especially when these are retained by sol screws 
that have not been proiierly locked, and as wrist jiins are usually of hanlened 
steel it wall be evident that the shan> edge fif that member can act as a. 
cutting tool and make a pnintnuiccd groove in the cylinder. Cylinder 
grinding is a job that requires skilled mechanics, but it may be accom¬ 
plished on any large lathe fitted with an internal grin cling attachment 
though S])ecial cylinder grinders e<|ui]it>ed with substantial and heavy fix¬ 
tures lo hold the cylinders do the best work. While automobile eiiginc 
cylinders usually have sufficient wall thickness to stand reboring, those of 
airplane engines sehUmi have snlTicient metal to ]jcrniit of enlarging the 
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bore very mucb by a l)orin^ tool. A few Ihousancllhs of an inch may be 
jfnmiKl on( uitlnnjt ilanjjer, however. An airplane eii^jine cyliinler with 
<iccp ^aoovrs must he serappe<1 as a rule. 

Where the }^'rno\os m the eslimier are not dee]) or where ll lias warped 
enouft*!! so the riii^s do mil hear e<|iiaMv at alt parts of the cvhmier Ixire, it 
is possible t<» ohlaiu a fairly acciirale <lo^ee of liutsli by a lapping process 
in which aii obi |li^lon or a sjiecial exiMudiii;; lead lap is eoatetl with a 
mixture of fiiic emery and oil ami is reciprocated it]) an<i <lown in the cyl¬ 
inder as well as turned at tbe same liiiic. N'his may he easily done hy usin^j 
a diinimy conneelln^ rofi having; only a wrisijitn end Ixiss. and of such size 
al the other end so that it can he hehl in the chuck of a clrill t»ress. Tbe 
cyiimlcr casliiitj is finnly clampccl tin the drill press table by suitable clamp¬ 
ing blocks, and a wmirleii block is placed in the coin bust ioii-cliamher to 
provide a slop h»r the jMsion at its lower extreme |M»siijoii The back pears 
are piil in ami tin* drill chuck is reviiKcrl slowly All the while that tbe 
]>iston is tnniinp the drill ebnek shoidd be raised up ami <lo\vn by tbe hand 
feed lever, as tbe be.sl resulls are obtained when the lap]nnp member Is 
given a combimiiion of rotary am! rccipr«K*atinp luoiiou. A pmeess of 
recent <levelo|iinenl makes ti jiovsible to re]iair tleeji scores in cylimlers by 
eleclro-de]n»silMm ami another process involves filliitp the groove with 
silver solder but eltbei of these nielbocU are advisable oulv if it Nsdll be 


dilTicull to secure a new replacement member. 

Sizing and Finishing Cylinders.—lioring was the oripinal and. for sonic 
time tbe only, method of rmishinp engine cylinders, hut it was long ago 
recogtiized that friction is the highway robber of mecliauical energ^y. Since 
an early ]»criod m the history of the guv engine, when it was necessary to 
run a new engine with a helt for several days to limber it up suftiricnlly 
to kecji it moving from one exjdosion to another w’lth the belji of a heavy 
flywheel, uig'inecrs have heeii seeking' a solution of the iwoldem in the 
dcvcdojmiciil of machines for finishing cylimkTs iiu»rc jjerfectiy. lloring ma¬ 
chines have been improved greatly in recent years, especially the heavy* 
duly ty]ic for imKlncliou work, but it is the lack of imib»rmity in cast iron, 
of which automobile ami some aerial engine cxliiiders are maile. that renders 
it inijiossible for a boring' tmd to priHlncc a finish without high ami b>w' 
sjxits still eNisliug. 'Ilie stetl skfvev eoiiiprisiiig roiii|iosite aviation engine 
cylinders are more unifonn in structure ami boring ami turning operations 
arc necessary' before the final finish hy grinding or lapjiing. Cast iron or 
scmi-stccI air-cm»led engine cylinders are roughed out by a boring opera¬ 


tion. 


Reaming is but a mmlification of the horing method, and, while claims 
are made of better results in finish than by boring, the increased pressure 
on the cylinder walls by reastm of the greater area of cutting members, 
causes the thin portions of the wall to spring away from the cutters, and 
when the reamer is withdrawn these thin portiun.s .sjiring back, leaving low 
places at the reinforced jiarts of the wall. In the resizing of worn engine 
cylinders it is desirable ti> remove the lea.st possible amount of inelal re¬ 
quisite to restore the bore to a round, true, straight au4 smooth cotulition. 
Even if all other rci|uirenieuts could be met succe.ssfully with boring or 
reaming tools, they would have to be set to remove an abnormul amount of 
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metal as compared with other niethfxls, owinjj to the glazed surface of the 
cylinder wall prevcutitifj the cutlers from takinK hold. 

Honing is cylimler-finishiiijf process thal has come into extensive use 
recently. The machine, or hiol, cou.'^ists of a mrtal frame or cradle support- 
inu three to six abrasive stones I hat are pressed against the cylinder walls 
by springs. I'he handH>fH*rated type is usually revolved in the cylinder 
by a portable electric drilling luachiue, being moved up and down at the 


5pr{na - 
:nfcf 



Waiter 


\ 






Waif)- 


r 


Cy/miwr 





rxhausf 

Sfjnng 


'•Krhat'll f'orf 

9 ♦ 

Wetiar 

jTiCKer 

■ 


Cyilnder 


i 


% v 

I 


Water 

fniat 


i^ase 

F/anqe 


Fig. SSS.^'Part Sectional View. Showing Valve Arrangement in Cylinder of Curtiee 

0X2 Aviation Engine. 


samo lime, soiiiewhal after the manner of the ryliinler lap. The power 
lioiie is <»|H.Tate<l bv a drill press or n special honing niacliinu is used. A 
survey of the cylinder-tinishing melhiMls employ e<l by 24 well-known 
buiblvrs of antmiudiiles and engines, made early in 1*^24 by the Research 
heparlmcnt of the S A 1C., thsclosed lhal Iwclve tif the mimhcr honed the 
cylinders, nine finish-ground them an<l the remaining three used the lap¬ 
ping prticcss. Ill no case was llic hone used as a slicing and ct^rredive 
operation except as a nie;ms f«>r removing the tiKil marks and high spots 
that remain after reaming, or the slight nniglmess left after jjroduction 
grinding, and U* gi\e a highly-pnli>hed surface Grimling is the best 
niethcKl of rccomlilioning cylindei Intres in the opinion of the majority of 
authorities consnlled h> the writer Inil the work should be done only by 
skilled mechanics jiml on cylinder grinders specially tnade for the jmrposc 
equipped with fixtures heavy enough to keep the cylinder from springing. 
Even if grinding is used to remove metal, the honing process often follows 
it to give a smooth bore. 
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Valve Removal and Inspection.-^nc of the most important parts of 
the gasoline engine and one that re<]uires frequent inspection and rchttiiig 
to keep in cmulition. is the mushroom or p«)p{>et valve that controls the 
inlet and exhaust gas daw. in overhauling it is essential that these valves 
be removed from ihcjr sealings and examined carefully for various defects 
which will he enumerated at proper lime. The proldcm that concerns us 
now is the best methrKi of rcmovuig the \alvc. These are held against the 
seating in the cylinder by a cod spring which exerts its pressure on the 
cylinder casting at the up]»cr end and against a suitable collar held by a key 
at the lower end of the valve stem. In order to remove (he valve it is< 
neces.sary to fir.st compress the spring by raising the c(»l!ar and pulling the 
retaining key out of the valve slcni. Many forms of valve sjiring lifters 
have been de.signcd to |>crmit ready removal of the valves. 



Pig. 656^Valve Spring Comprmion Tongs at A and B. SpedsI Valve Spring Com¬ 
pressor Used with Fiat Engine Cylinder Shown at C. 

When the cylinder is of the valve-in-lhc-head form, the nielhocl of valve 
removal will depend entirely ujHin the system of cylinder construction fol¬ 
lowed. In some early cylinder clcsigns it jiossible lo renuivi.* the liciul 
from the cylinder castings and the valve springs may In: e.*isily compressed 
by any suitable means when the cylinder head is jdaccti on the work bench 
where it can he easily worker I on. The usual met boil is |rj place flic head 
on a soft cloth with (he valves bearing against (he bench. The valve s]>riugs 
may then be easily pushed <low*ii with a simjde forkcrl lever and the valve 
stem key removecl t<» release the valve s|>ritig collar. In the Curtiss OX engines 
having a cylinder a.s shown at Fig. K55. and all other enpnes using rmc piece cyl¬ 
inders it is not |H)SsibU! to remove* tht* valves witlnaic taking tlu* cytiiuler nl7 the 
crankcase, liecausc the valve seats arc niachiuinl directly in the cylinder Iwad and 
the valve donvs are cast integrally wiih llu* cylin<h*r. 'Illis iiHvins Uuit if the 
valves need grinding the cylinder must be reiiiove<l from the engine base 
to provide access to the valve heads which are inside of* that member, and 
which cannot be reached from the outside as is true of the L-cylinder con¬ 
struction. In the Curtiss VX engines, the valves were carried in detach¬ 
able cages which could be removed when the valves need attention but this 
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construction is now obsolete an<l most nio<lem enfjincs liave cylinders with 
heads integral. In cases where sparkplug h<)les arc place<l adjacent «a valve 
so the valve lica<l may l»c kept from uu»vmg. the tong type i»f valve spring 
compressor may fie useil. longer liamlle or member has a j)iecc' bent 

at right angles that is introduced through die sparkplug hole and keeps the 
valve presse<l against the seat while the oilier part hears ag'aiust the valve 
spring retaining collar. Stpicczing the tong' haiullcs together dcj^rcsses the 
spring and the collar rot on lion pin, key i»r split cunc may be released from 
the valve stem. These may be made in \ariuus tyjies as shown at Fig'. 856 
A and lb This tyj)c has been used success fully where the cylinder con¬ 
struction permitted. A valve spring compressor nse<l with the Fiat four 
valve cylinders is shown at l*ig. K,Vi (’. A ro<l is intn»duccd through the 
sparkt>lug' hide to ludil the valve heuil ag'ainst the .seat while the valve 
spring' retaining collar is prcsscil down and the sirring c<nnpresscd suffici¬ 
ently to iiermit removal of the collar retention nienihers. The lever carries 
a hook at oue end which engages a uni screwed on one of the valve gear 
case retention studs w’hile a swinging member between the hook and that 
portiijn of the handle where iire^Mire is ajudied has a pad to bear against 
the spring Cidlar as imlicatcil. As bmr Minis are used on each cylinder, all 
the valves may be <te]crossed in turn hy shiriiiig' the anchorag'c hemk from 
one stud to the other de)>en<liiig on which valve is to he removed. Other 
valve spring removers have f»eeii shown in the chajitcTs relating' to iiverhatil 
of specific tyjies of engines, so the mechanic should not be at a loss fur sug¬ 
gestions to make valve siiring couipressi»rs to fit almi»st any tyiie of engine* 

Precautions in Reconditioning Valves.—In a paper read before the New 
r.nglaiid Section of the S. A. E.. Jack Frost, field engineer of the Willis- 
Jones Machine Co.. iVlroii, Mich., discus.sed reconditioning of engine 
valves in a very interesting manner. He slated tliat perfect valve action is 
complete, fpiiet closing at .aiiy s]>eed. 'I'o show what is ncce.ss.ary some 
simidc sketches that cc»ver the jirineipal causes of 9l> ]>er cent of the valve 
Ironhles that have been encounlereil ever since the advent of the aut^ 
motive engine are slunvn at b'lg. 8.^7. At the left a valve-seat in perfect 
nligumenl w'llb the center line of a i^erfecl valve-stem guide is shown. The 
left-center <lrawiug shows a perfect valve having the face c<mcentric with 
the center line i>f the stem. At the right-center is ilr.awn a valve with the 
head and face \v.'irfie<l from the correct angle with the center line of the 
stem. Assuming that the guide measure.^ O.vV,^ inch in diameter and these 
two stems meastire 0.374 inch each, the guide clearance is 0.001 inch. This 
IS as close a fit as will allow a v.ilve to drop of Us own weight in a hole 
or guide of this size. The valve at the right-center in Fig. 1 would not seat 
itself. The low side w'ould strike and the valve would be held ojicn on the 
opt>osite side. The valve at the left-center will seat piTfcclly. as its face 
will touch the entire circumference of the seat, and the valve does not 
require more than its own weight to scat itself. For the valve at the righ- 
center to seat, it is nece.ssarj' that the clearance between the stem and the 
guide he stiHicicnt t<» permit the stem to as.stintc an ang'le in the guide 
corresjK)n<l(ng tojhe misalignment between the valve face and the valve- 
stem, as indicated at the extreme right in Fig. 857 T). 

Whether the clearance is 0.0015 or O.OlOO inch, the stem must have 
enough clearance in the guiilc to close ihnmgb any eccculricily jire.sent. 
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The spring** l)iills the stem sharply ajjainsl Ihe wall of the guide with a 
sharp metallic cltck. unless llic clearance is excessive. The valve-spring on 
all atitoinoliilcs is designed with jusi enmigh tension r<»r chasing the valve 
at toji speed of the camshaft. It will travel or extencl at tmly one given 
speed, according to its tension. Iml the canishuft has a variahlc speed. In 
most cases when an engnie is taken down, it is hmnd that only one or two 
valves arc hurried. If the metal in the valve were at fanit, all the valves 
would hum under the same s|>eed or heal conditions. When a valve docs 
not close completely, the compressed Inirning gas, w'hich reaches, under 
ordinary operating* comlitinns. a tenijicratnre fd I..StX) to degrees Fah* 
renheit, is forcc<l with g^real velocity lhr<niglt the small o)>eniug left and 
hums the valve face or warps the stein, Were it p<»ssihle to rut the valve- 
seat in perfect aligiinient with the guide and to cut the valve face true 
with the stem, we should not reipiire more than (10(M5-inch clearance hc- 
tw'een the stem and the guide. 

Assume that the valve-seal and the valve-stem guide are perfectly true 
with each other and that the valve face is true with Its stem when the engine 
is a.ssemhlc<l at the faci<»ry: .still the scats am) guides are subject to .season- 
ing% as is the case with all jiarts made id cast irrm. a ml the intense heat 
generated in the automotive engine hrmgs a rajinl change in tfic texture 
of the metal ami distorts these leirts For this reason tungsten steel or 
case hardened steel guides arc often used in aviation engines thongli cast 
iron is the metal generally emtiloyed in automohilc motors. IMuisphor 
hiMnze gmides have also l^ecn used in nlhiy heads hccatisc its expansion 
coefheieut is nearer that of alh»y tlian sled or iron guides. 

In the seasoning of cu.sl iron, the metal heeomes irregular in density 
and hardness. s<»nielimes producing s|Hds or (lortioiis that are iiianv times 
harder tliati the surrounding metal .Should one i*r more of tliese hard 
spots ap()ear in <ir near tl>e surface of the valve-scat, the hammer-likc Idowji 
of the valve will tend t<» produce faster wear in the softer tnelal at the 
ojiposile si<le of llic seat. Altlumgli the seasoning siml resultant warping 
of cast iron starts with the cooling of the casting in (he foundry, this action 
continues iudcfmitely hut diminishes slowly w iili age or use, The valvc- 
stein gtti<les sfiinetimes rec|iirre fr«»m l.tXX) to 2.0nt) miles of nimitiig Indore 
they have become iJCrmaiicully set or seasnned. Thus. cNcry hour's opera¬ 
tion of the engine athl.s t<» tlie value <d (he material in these ])ar(s. hut 
makc.s it nccessar)* to service or rcc<mdi(ioii the valve-seats as soon as 
]>o.ssihle after the engine .shows Midi recondilioniiig to he nee<lecl 

The guide, a small incmhcr held by less than 50 per cent of its own 
length and extending, as it <loes. into the valve i»orl where the heat from 
the burning gas has greater <»pj)ortnnit\ to warp it. somelimes loses its 
perfect alignment with the seat and changes the direction of trawl of the 
valve. The spring has the iiower to close the valve regardless of this untrue 
condition, but does .so through a -*<econd unnecessary movement, the valve 
striking a .small portion of the seal first ami then gaining the full seat 
through a pcncliiluni-likc swing of the stem. This t>ro<luces a metallic click 
that defies removal through reducing the taj)pet clearance. 

If one must cut a seat in metal that contains difTercnt degrees of hard* 
ness, the cut will show slight chatter marks if examined closely. It is im¬ 
possible to prevent these chatter marks. When the cutter reaches the hard 
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spots, regardless of the weight uf the tool, it will hrst slow down and then 
s^>eed up as it gets through the hard si>ots, pulling the softer metal beyond 
or forcing the cutter away. If. after cutting the seal as perfectly as pos¬ 
sible, an attempt is made to grind it, the grinding compound is resisted by 
the hard spot and the sent is groun<1 into further inisaligunieut because of 
the softer metal opj«isilc taking the griiicliiig far faster than the hard spot. 

It is soniclimcs said that it is foolish lo rut away the scale wlien recut¬ 
ting the valve-scat, as it has liecu a h»iig tune in arriving at the condition 
of a gla^^ed, hanl surface. However, if rutting Is done with compound and 
wdth the valve <»uly. the scale is hemg cut and it is not known whether the 
alignment is licing corrected, if the seat ts Ijoiiig cut f»efore grifuling. all 
scale must he rennwed from the full surface: <»UuTvvise a hard, glazed spot 
may he loft that wdl resist the jMiiiniling of the vaUe while penuittiug the 
.soft metal on the <ipjiosite si<le to he poiniclcd into misalignmeiU. 
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Fig. 8S7.—Valve Seat and Guide Relation Shown at A. B Showa Valve Head and 
Stem in Proper Relation. C Outlinea Warped Valve Head. D Shows How Sx- 
ceaaive Clearance Is Needed in Valve Stem Guide to Allow Misaligned Valve to Seat 

Itself Completely. 


Much dilTcrciice of opinion rxi-^ts as to the i)r(»per width of the valve- 
seat face Some ciigincv have a seat wultli (*\ % » inch ami some have about 
%•. inch. The best wiclth of seal fi»r aserage work is about inch. The 
seat slionhl not be less than » inch <in the stnaller vaKes. In reculting 
the valve-seal, all scale ami glaze is reimwed and the surface is left furred 
or soft. If the sent is t<Ki narrow, the hainuier-like blows of the valve will 
easily pound this down, constantly changing the tappet clearance. Another 
condition to be a vended, esjvecially if bronze in sorts arc u.sod in alloy heads 
is the use of narrow seals which might reduce heat transfer from head to 
sealing. 

U|>on removing valves for grinding, and after cleaning carbon from the 
valve ami stem and checking the stem for wear, it shimld he remembered 
that, if ibc guide ‘-Ikwvs (MKU-im*li wear, a new vaKe-steni would have a 
possible (KOi or 0<l»)7-incli clearance. To preveul jHissible leakage of the 
exhaust ant! imiwafccl carburet ion. llie valve-sleni sin nil d tiol show wear in 
excess of O.OOi inch. It is in.t the nimmnt of wear on either the stem or the 
guide that gives troiihle, bul the excessive clearance that would result in 
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wear ahowin^f in both units; therefore, through the aid of plus pilots, we 
must check the ^fuule size and replace the valves if the old stem show's 
that clearance will he g^realcr than 0.<X)8 inch, or must rehore the ^uiclc 
or use new guides if of hardcnetl steel and use new valves with oversize 
stems. 

It shtmld also be remembered, when chucking or holding the valve-stem 
for refacing in a valve facing niachtne or in a lathe that the wear on the 
stem i.s not evenly distributed. When attempting to rcfacc a valve showing 
excessive wear on one side of the stem, be sure to hoUl the valve-stem by 
the unworn section just abo>c the jxiinl of wear. Jf the refaced valve is 
very thin at the <»utcr edge, ihc valve slnmld be replace<l. as the thin edge 
will burn. It is n gt>od plan l<» test the setting of the \vi>rk-liead of the 
valve-refncing machine with a ne>v valve and. after l«K*king the hciid on a 
45-<lcgree angle, to g^riinl fir sliarjH:n the 45*degree seat-cntlcrs so that seats 
and valves >vill have the same angde and male i»crfcclly. Oi course, if the 
valve head has a M) degree angle the jiroper head ailjusiinent must be made. 

Do not, under any errniriisianccs. lap the valve to the seat heavily, as 
it is possible to ruin a seal ainl never secure a true result from ihc work. 
Only ligdit lapi»ing is ever necessary if the seat and the gnifle arc true W'ith 
each other and the valve face is true wdth the stem. an«l then <»nly to rcniiwc 
slight chatter marks. Should any blank s|)ots aii]iear on the valve, this 
would .show faulty refacing an<l the vaivc-refacing machine should be cor¬ 
rected, Should blank s|Hits aiipear on the seat, the tf>oi .should be set up 
and checkc<l with a new cut w ith a cutter, making'sure that a coinidele drcle 
is cut before disturbing or removing the cutter. 

It >vtll he found upon CNaminatiou that the rocker arm in some engines 
shows wear where contact w ith the valve-.Mcin end is tn.Kle. Samelimes 
the wear is crescent .shaiieil and sonielimes forms a ctmtplete circle. Tn re¬ 
assembling the parts, the same alignment of the valve cannot he secured; 
the valve%stem is likely to strike on the edge of this worn section and the 
valve to go through a second motion iu closing. A shim cannot be in¬ 
serted with any degree of accur.ary and therefore more noise is ]>roiluced. 
The only solutnm is Ut regrind the n»cker arm cntl. It is to avoid this wear 
that rollers of harilciicd steel .are used in rocker arm ends where they bear 
on the valve stems. 

Reseating and Truing Valves.—Much has been said relative to valve 
grinding, and des]iitc the mass of information given in the trade prints it 
is rather anuising' to watch the average rcjiairin.in or the engine user who 
prides himsidf on maintaining his otvii motor ])crforniiug this essential 
operatiuu. The common mistakes are attempting to seal a badly grooved 
or pitted valve head on an c«|uaUy had seal, which is an *abnosl hopeless 
job. and of u.sing ctiarsc emery and bearing down with all one\s weight on 
the grinding UkiI with the hnjw of fpiirkly wearing away the rough surfaces. 
The use tif inijiropcr abrasive material is a fertile cause of failure to obtain 
a satisfactory seating. \*:i)ve grinding is not .i difilndt o)ieialion if certain 
precautions arc taken before iiiulertaking the work. The nu»st important 
of these is tn ascertain if ibc valve head or scat is badly scored or pitted. 
If such is found to be the case no ordinary aiuoiint of grinding will serve 
to restore the surfaces. In this event the best thing to do is to remove the 
valve from its seating and to smooth down both the valve head and the 
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scat in the cylinder before attempt is made to fit them lojjether by ffrinding. 
Another important precaution is to make sure that the valve stem is 
straight, and tlml l)ie head i< not \variH*d out of slmpe. 

A nuinl)er sniiplo l«>ols is availribb* al the present time for reseating 
valves, these being outhiicd al Kig. S5K. 'Phat sinovii at A is a simple fix¬ 
ture for facing olT the valve hea<l. The slem is siipjMirlcd by suitable bear¬ 
ings carried by the body <»r shank (>f the tisd, and the head is turned against 



Fig. 656.—To^i for Restoring Valve Head and Seats. 


an angularly disposal cutter which is set for the j»ro|»er valve seat angle. 
The valve head ijf turned hy a screwdriver, the amount of stock removed 
from the head depemling u|Km the location of the adjusting screw. Care 
must be taken noi to remove t(Hi ninch metal, only cn<mgh being taken off 
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to remove the most of the roiijjhness. Valves are made in two standard 
tapers, the an^lc hcinif either 45 or <i) cle^jrccs. It is imperative that the 
culler hlade he set correell) in onlcr Ihnt the hcvcl is mil chaii^ied. A sel 
of valve iruinj^ and valve*seat rcaunii^ cutters is sliowii at l*’ij*:. 858 B, 
This is atlai>(ahle lo \ariotis size \al\e heads, as the entter hhule 1) may 
l>e move<l to correS|K»ii<) to l)>e >ize of the \al\e hea<l heint; trued up. These 
cutter Idade.s are iua<]e of Um>I steel aiicl have a hovel at eacli end. cue at 
45 de^frees, the <»ther at <i> cleyreus. The valve seat reamer shown at G will 
take any one r»f the hca<ls shown at I*'. It will also lake any one of the 
(^lide l»ars shown at II 'I'ht* fniictniii of the guide bars is to fit the valve 
stein hearing in order to locale the reanuT accurately and to Insure that 
the valve seat is niachiuc<l concentricalls with its n<»rmal center. Another 
form of valve seat reamer ami a special wrench iise<! U* turn it is slmwn at 
C. The salve hvjul truer shown al l'»g. 858 D, i>i iutcmUnl to he jdaceil in a 
vise and is adaptaldc to a variety of valve head sizes. The smaller valves 



Ptf. 859.—Valve Head Grinder for Use with Hard Steel Valves is Motor Driven. 
Has Variable Peed and Adjustable Chuck to Hold Stems of Various Diameters. 


merely fit <lceper in the cimical depression. 'I'hc cutter hlailc is adjustnhie 
and the valve stem is sutijMjrted l>y a simple self-centering hearing. In 
operation it is intemlecl that the valve stem, which j>rotrud<*s through the 
lower portion of the guide hearing, shall he turned by a drill press or hit 
stock while the valve heat! is set against the cutter by pressure of a pad 
carried at the end of a feed screw which is supi>ortcd by a hinged bridge 
member. This can be swung out of place as indicated lo permit placing the 
valve head against the cutter or retm»ving it. 

As the sizes of valve heads an<l stems vary considerably a "Universal'* 
valve head truing tcml must have some simple means of (feniering the valve 
stem in i»rdor to insure concentric machining of the valve head. A valve 
head truer wdiich employs an iugenhms method of guicling the valve stem 
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shown at Fip. 85R E, The device consists of a Ixxly j>nrtlon. H, provided 
with an external thread al the |i>ji mi wliicli Xht cnller lica<!. A. is si'rewc<l. 
A miinhcr t»f sic rl C*. aie rarne^l in the KrcKives uliieh insiy hv allei*e<l 

in size hy I lie ;nf|nstnienl nnl. h'. Inch MTews lu llie holtom of ilie IhkIv 
ju^rtion. I*. A-s ihi* nm I** is screwetl ui against I he spacer ineuiher 1'*. (he 
Vce-ifroo\es are redueerl in si^e and (he steel halK. are pressed out in 
contact willi Uie \alve stem. As the circle or annnhis is fdletl with halls in 
liotli upper aiitl limer iwirlions ihesfein may he rearlily turned hecanse it is 
virtually sii|>)iorted liy hafi heannj^ guides W'lien a lurj»er valve stem is 
lo ho snpportcil. the ailinslin^ utit (•’. is screwed out which increases the 
size i>f the ^^rooves and )>ermit*< the halls. C. to spread ont ami allow the 
lartJCT stein t<» he inserted Some aviation en;;ine valve hcails arc nia<lc of 
sncli hard niapTials that none of the cutting I«n»1s shown, vvliich liavc been 
devclo()e<l for antr> engine valves prtmatilv can he nse<l ami special valve 
^rrinders such as shown at 85^t ;xre neces<*ary to restore the valve licad. 
The valve is snptioried hv a special clmek and the face is uroniid at any 
(Icsired an^le hv the raindly revolving;, motor driven emery wheel, Atlach- 
ineuts are ]irovi<le<l for stems of various <lianieters. The \vtn*h earria^e may 
lie niovetl hark and forth as well as sideways hy independent hancl wheel 
control. The niaclnne shown ts made hv K \i, Wilson, KulVahi. New Vh»rk, 
and is nia<(i* to <»)H'rulc on cvcie 110 volt allernathic eurrviil. Motors wound 
for other voltages niuv he <»htaiiied. 


Valve Grinding Processes.—Mention has heeii previously ina<lc of the 

importance of lriling; both valve heail and seal before attenijit is made to 

refit the parts [>y ^'rimhnj; After sinoothini* the valve scat the next step 

is to fiml scmic way i*f tnriunn the valve. Antoni oh ile valve heinls arc 

usually ))r<ivided with either n .screvv<lriver slot passinjj thron;*h the Imss 

at the ti»p of the valve or with twf» dnllcil hides to lake a forked grimling 

tool. A condnnattiiii ^^rimhni; tool has been clevised which may he used 

when either the two ilrdled holes or the slotte<l head form valve is to he 

rotated. This consists of a special form of screwdriver liavinjj an enlarj»ecl 

boss ;nst above the blade, tins boss hcrvinji* to snpjiort a U-sliapcd piece 

which can he seenrelv liehl in ()]>cralive pn.sition hy the clamp screw or 

which can he turned <»nl of the wav if the screwdriver blade is Xo he used. 

* 

Aviation enj^ine valves, especially of the tulip f<»rin tlo not have slots or 
holes and must he turned by the stem cml tliroutjh a .special 'I* liamlle tool 
or if turned hv the head a vaciunn cup valve jjrinder will he essential. This 
i.s a rubber suction enp nioniitecl on the end of a lung handle, the cup stick* 
ing to the valve hea<l. 

As it is desirable to turn the valve llirougli a portion of a revolution and 
hack again rather than turning it always in the same direction, a tuimber 
of sjiecial t<M>ls h;is lM*en de.si^iusl (n make this oscillating motion jMrssihle without 
trouble. A simple valve grinding lool i.s shown at Fig. 8^v0 C. This con* 
sists of a scrcw<lnver blade mounted in a handle in such a wav that the 


end may turn freely in the handle. A pinion is securely fastened to the 
screwdriver blade shank, and is adapteil to fit a race provnled with a vvmid 
handle and guidoil hy a bent hearing inenihcr securely fastene<l to the 
screwdriver liandle. As the rack is pushed hack and forth the pinion must 
be turned first in one direction and then in the other. 
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A valve lool patterned larjjvly after a breast drill is shown at 

Fig. 8tj0 T). Thi'' is worked in such a nuinner that a coniinuons rotation 
of the ot>cratMig crank will resnll hi an ii>villating nimeinciit of the chnek 
carryinj» the j'erewciriver blade. 'I'hc* bevel pinions which are used Uirn 
the chuck arc normally free unless cluichcrl tt» the chuck stem by the slid* 
iflg sleeve which must turn with the clinck stem and which carries clutching 
memhers at each end to engage similar niemhers on the bevel jniiious anc] 
lock these to the chuck stem, one at a time. The bevel gear carries a cam- 
piece which moves the clutch sleeve back ami forth as it revolves. This 
means that the pinion giving forward inoiioti of the chuck is chuched In 
theclntck spindle for a ]H»rtion of a revoltilion of the gear and clutch sleeve 
is moved liack by the cam and clutched to the |Mnhm giving a reverse 



Pi(. 660.^Tooli and ProeeMet Uied in Auto Engine Valve Grinding May Offer Sug¬ 
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motion of the chuck <lunnp the remainder of the main drive jfear revolution. 
A tool of this nature can be u.sed in connection with aviation cu|?ine.<i valves 
by using an extension piece that will hold the valve stem and having an¬ 
other end to fit the chuck. ns llu* MTe\\<lri>rr blade fits in the sketch. 

The usual methods of valve griinlinj; arc clearly outlined at Fig. 860 and 
white aiitomoliile nioti>r cylinders arc shiuvii the operations are the sam^ 
in aviation engines if the valve head CiMi.siruction t>cnnits of using cither 
a screwdriver Idiole <»r a forked end 1 (m» 1 to turn it. The view at the left 
sh<nvs the methoil of turning tlie valve by ati ordinary screwdriver and 
also sluiws a \nlve lie.'ul bsiving the screwtlrivcr .slot for turning the mem¬ 
ber ami two special f<»rms of fork-cm! valve grinding tool.s. In the sectional 
view shown at the right, the use the light spring bet wen i tbe valve head 
and llie bcutom of the valve chain!»cr to lift the valve bead fnmi Ibe seat 
whenever pres.siire on the gniujing UhiI is rclcasetl is clearly indicated. 
It will be noted aKo tbal a ball of waste or cb>1h is inlerjsised in the pas¬ 
sage between the salve chand>cr and the cylinder interior when L head 
cylin<lers arc iise<l to ]»reveiil the abrasive material frinn pa,ssing into the 
cylinder from the valve charnfuT but such cvlindcrs arc rare in aviation 
engines. With an I-head cylimler the interior is easily reached for cleaning 
4Uil all abrasive will) gasoline and a cotupresseil air bosc. When a bitstock 
is used, instead of being given a true rotary motkm tbe chuck is merely 
oscillaled throngb the greater j»art <if the circle and back again. It is neces¬ 
sary to lift the valve from its seat frcijiienily as the g^rimling operation 
continues, this is to provide an even distribution of the abrasive material 
]>laced between tbe valve hea^l ami its seat, Only snfficlenl pressure is 
given to ibe bitstock to overcome the uplift of the sjiring and to insure 
that the valve will be held against the seat. Where the spring is not used 
it is po.ssiblc \o raise tbe valve from time to time witli the hand Which is 
placed under the valve stem to raise it as the grinding is carricil on It is 
not aivvavs JM»^^ible to lift the valve in this inanncr when the cylinders are 
in ])lacc tm the eiignne base owing to the space between the valve lift 
idunger ami live end of the valve stein. In this event the use of the spiring 
as slmvvii in sectional view will be desirable. 

The abrasive generally iiseil is a paste made of medium or fine emery 
and lanl t»il or kerosene ttr s|)ecial valve grinding compoumis, <jf which 
Clover HrumI is a giKid csainidc. This is ii>c<l until the surfaces are com- 
)>anitivelv sinoolli. after w hich (lie final tMdish <»r finish is given with a paste 
of fl<un' etnerv, griiulslone dust, crocus, or ground gdass and oil, An errone¬ 
ous iiutiressuiu (irevails in .some iinarters (hat the valve head surface and 
the seating must liave a inirror-like iMilish. While this is not necessary it 
is essential that tlie seat in the cylinder an<l the bevel surface i>f the head 
be smooth ami free fnmi jiits or scratches at the completion of the f)t>era¬ 
tion. All traces of the eincr>' and oil should be thoroughly w'ashed out of 
the valve obainber with gasoline beftire llie valve meclianisin is assembled 
anti in fact it is a<lv'isal>le ti» remove the old grimling c«*iiij)omid at rcgidar 
intervals, wash Ibc seal lliomngldy and .sni»idy fresli maierial as (be process 
is in jjfogress. ^ 

The Intth of scalings may be (<‘slc<l by taking some Prussian blue pig¬ 
ment and sjircading a thin film of it over the valve scat. The valve is 
dropped in place and is given about one-eighth turn with a little pressure 
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on the tool. If the seating is good both valve head and seat will he covered 
uniformly with color. If high spots exist, the heavy deposit of color will 
show these while the low sjKit.s will be made cvidenl because of the lack of 
pigment. The grinding pn»cess should be cmuitiucd iititil the lest shows 
an even bearing of the valve head at all indiiis of ibe cylinder seating. 

When the valves are hcbl in cages nr in flolarhaldo cylinder heads as 
in some Uianne mntc»rs it is tHissilile lu catch Ihc cage in u vise and to turn 
the valve in any of the ways indicalcrl. It is nnich easier to clean off the 
emery and oil and iIutc i'« ab.'^»lulely no clanger of gelling tlie abrasive 
material in the cylinder if the con.^lruction is such that the valve cage or 
evlinder bead nuniiber carrying the valve can be removed fnmi the cylincler. 
When valves are held in cages, the tightness cd Ihc seal ntay be teslo<I by 
partially filling the cage with gasoline and noticing how much li(|uid aoy.cs 
out arouml the valve head. The degree of moisture present iiulicatcs the 
cfhcacy of the grinding prncess A new jnethod of teslitig vaKr scalings 
involves using a rubber cup and pres»«iii*<' gauge over the valvi* ami after 
jumiping in air. to noinv bow ijitiekly il leaks oni. 

The valves of Curtiss OX senes and nioM oilier aviation engine cylin* 
ders are easily gnmiid in li\ iiMiig a simple fislure or tool and working 
from the'lop of the cylimler iusiea<l <d from the inside, \ lube having a 
bore just large enongli to go over Ibe valve sleiii is jiroviclcil with a woculen 
handle or taped a I one end and a hole of the same si/.e as that drilled 
throiigdv the valve stem is juii in at the other. 'I'o iisc. the o]h*ii en»l of the 
tube is juishrd over llie valve stem ami a sjdit |>iu |msbc<l tlivougdi the tube 
and stem. The valve may be easily manijmlaletl and grmiml in place by 
oscillatiug in Ibe customary manner. h*or more iimdern engines using st»lil 
retention collars, the end of the gniuling tool mav be a chuck arrangeineiil 
and clani|i the valve stem bv friction. 'I'his operation is clearly shown in 
preceding chapters <lescnbing repair processes on spcTific engine ly]>es, 

Depreciation in Valve Operating Systems.—There a number of points 
to be watched in the valve operating system liecansc valve liming iiiny be 
seriously intcriere<] with if I here is miicli lost motion a I the various hearing 
points in the valve lift mechanism. The two conventi<»nal incllio<ls of i)pen- 
ing valves are shown at I’ig. 8t»l. 'rhul at A is the type enii>lnved when 
the valves are iiumiited ilircctly in the head, while the form al is tlie 
system used when the valves arc l^iealed in a iM>ekel or eslcnshni of the 
cylinder casting as is the case if an 1.- or 'I'-lwacI cylimler is use<l as in 
automobile or iiianne engine practice. It will be evident that there are 
several points where depreciation may take jdace. 1'he simplest form is 
that shown al 13. and even on this there arc live points where lost motion 
may be nolecl. The periphery of the valve opening cam oi roller may be 
worn. Iliongli Ihi.s is not likely unless the roller or cam has been inadvert¬ 
ently left soft. The pin which acts a.s a bearing for the roller may become 
vvorn, tlii.s occiirriiig <|Uile often. Looseness may materialixc ludwccn the 
bearing surfaces of the valve lift plunger and the plunger guide casting, 
and there may also be c^ces^ivc clearance between the toji of tlic jd linger 
and the valve stem. « 

On the form shown at Ktg'. Wd A there are several parts adtlcd to those 
indicated at 13. A w'alking^ beam or rocker lever is necessary to transform 
the upward motion of the tap]>et rod to a downward mol ion of the valve 
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stem. The pin on which this member fnlcrums may wear as will alsn the 
other pill actiiijj ns n hinge nr )»caring f«»r ihc ynkc end of the tJijipet rod. 
fn varmns forms, insli^ail of llu* eii<l of tlu* \alvc* rocker hcingf formed on 
an arc of a circle and bcariii^f ngriiusi the stem, tlic end may l»e forked and 
a roller imumleil lIuTem. Wear m:i\ exist *»n the pin causing shake or lost 
motion belueru the roller and the pin. Itall end i>usbrods are used on most 
modern engines and det>reciatiou is ciisils taken u|i by the means provideil 
for the pur|>osc, tisuallv consisting of screwing the co-.'^ctiug ball cikIs closer 
together. It will be aptiarent that if slight pla\ osisteil at raeh of the points 
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i*ig. 861.—Outlining Points In Valve Operating Mechanism of Automotive Engines 

Where Depreciation is Apt to Exist. 

mentioned it niichl result in a serious diminution of valve opening. Sup¬ 
pose, for example, that there were .005-inch lost motion at each of three 
bearing points, the total lost mol ion would be .015-inch or sufficient to 
pnwluci’ noisy aclion of the vaUe nn’clumisin and a|>i>rmably alliT valve timing. 
When valve )hungers of the adjustable form, such as shown at 11, arc used, the 
hardened Isilt heailln contricl with llic end of the valve .stem may become hol¬ 
lowed mil on nccount of llu* luimniering action at that ]K)int. It is imix'rative that 
the to|> of this nicnilicr lie ground olT inic and the clearance lictwccn the valve 
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stem and plunder |in>|>erly adjuste<I- If the i>lunj;cr ts a nouadjustable ty^ it will 
We necessary l<i lengthen the valve stem Ijv stnne means in order to reduce 
tlic exccssj\e efearanee. 'riie only remtviy hir wear at the various hinges 
and bearing |nns is lo bore the holes out shgliily largiT ainl in hi new 
harden e< I si eel inns of larger dianielcT. I >e|ircciatHMi l*elsveen I he valve 
plunger gviUle ainl the vaKc |)hingiT is usually remedied b\ filling new 
plunger guides in jdare of the worn tnies. If (liere is sitflicient sliK'k in the 
plunger gni<le casting as is sonnet inies the ease when these in embers are not 
separable from (he cylinder casting, the guide may he bored mil aii<l bushed 
with a light hrrmze bushing but guides are removable in iu<»sl aviation 
engines and can lie replaccil with new. 

A eimnnoii cause t»f irregular engine ojuTatioM is fine to a sticking valve 
as shown at Kig. 8f)l C. This may be owing (<» a ben I valve stem, a weak 
or broken valve sjiring if u single spring is vised, or an accumulation of 
burnt fir gnninied oil between the valve stem hihI the valve stem guide. 
In order to prevent this (he valve stem iiiiist be sinoiUbed with fine cmerv 
cloth aiifl no burrs or shfuiMers allowed (o remain on it, and the stem must 


alsfi he straight ami at right angles to the valve head. If tlir spring is weak 
it may he strengthened in smne rases by stretching it viut after annealing 
80 that a larger space will exist helvveen the coils ami re-hardening. Ob¬ 
viously if a spring is l»ri*ken the only remedy is rejdaceinefil of the defective 
member and the writer slnmgly urges the rcj>lacenieiit of any weak si>ring 
orspring.s wiilv new ones. The popular metluMl of overhead valve actuation 


in aviation enginc.s is that shown at Pig. 8b 1 D. UiHrker anus carry rollers al 
one end to rifle the cam and an adjusting screw at the other. W ear can 
exist at the rocker fnicrtim bearings ami between the ndler am) \is pin on 


the cam end. 


Mention has hern made of wear in the valve stem guide and its influence 
fm engine actifni. When these mcmliers are an integral j>art of the cylinder 
as in some of the cheaper auto engines the <mly mefhofi of comiumsating 
for this wear is t<i drill the guide out ami fit a hushuig. which mav he made 
of .sled tube. In aero engines. es]K*cially tluise recent devdopnient. the 
valve stem guide is firiven or .scr-evved into the cylinder or heafi casting and 
is a sejiarale member which mav he removofl when \v<»rn ami replace<l with 
a new <me. When the guides become enlarged to such a jioint that con- 
sifierahle ]>lay exists between them ami the valve sterns, they may he easily 
knocked fnit f>r unscrcwcfl ami rcjilaccfl with new. 

Piston Troubles.—If an engine has been entirely drsnirintled it is very 
easy to examine the ])ist<ms for deterioration. While it is im))urtant that 
the piston be a gotnl fit in the cylinder it i.s mainly ujum the pisbni rings 
that comjiression depends. The pisUni sh<»tild fit the cylnnlcr with but 
little lfK)seness, usual practice heiug lo have a cast inni pistf»n about .001- 
inch smaller than the Imre for each inch of pinion fliaineier at the point 
where the least heat is present f>r at the hotttmi of the piston. It is neces¬ 
sary lo allow more than this at (he tfip of the piston owing' to its ex(>ansion 
clue to the direct heat f>f the cxjilfisum. 1'he clearance is usually grafhiated 
and a piston that would he .005-inch smaller than the cylimler ln»rc at the 
bottom woulfl he alxiut .006,5-inch at the middle and .0075-inch at the top. 
If much more play than this is cviilcnced the piston will *‘slap" in the cyl¬ 
inder am] the pi.ston wifi he worn at the ends more than in the center. 
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Alum ilium or alloy pistons rerjuirc mor^ clearance than cast iron ones do. 
usually 1.50 times as nnich. Pistons sometimes war]) nut of sha]>c and are 
not truly cylindrical, especially in I he trunk ly|Krs which arc not relieved 
around the* piston hi>sses. 'Hiis results m the hij;!) sjiots rubbing on the 
cylinder while the low s])Ols will be blackened uhere a certain amount of 
gas has leake<l by. If the piston is not scratched tiM) decj)ly. or the black¬ 
ened areas do not extend from top to Uniom. they may he replaced after 
cleaning off the roughness. If worn so that there is considerable slap in 
the evUnder. the <mly remedy is replacement with members of the proper 
size. A pistini slxnild he carefully cNanimed for wear at the wrist]>in bosses 
if the pin is a floating l>iw ami also fi>r cracks in the skirt or hcad. 

Mcnlion has hren jirevunisly made of the necessity of reboring or rc- 
grinding a cylinder that has become scored nr scratchcil and which allows 
the gas to leak by the piston rings. When the cybinler is ground out. it is 
necessary to use a larg^T j»isl<»n to conform to the enlarged cylinder bore. 
Mo.st mamifaclnrers arc pre])ared to furnish over-size pistons, there being 
four standard over->ize diiuensicjiis u<ln]ite<l by the S. A. IC. for rehored 
cylinders. 1‘hese are -OMbinch. .OJtbinch. .030-inch, and .(MO-inch larger 
than the original bore 

The ]iiston rings should he taken out of the pi.^ton grooves and all car¬ 
bon dC]Hisils removed from the insnlc of the ring an<l the bottom of the 
gn»ove. It is important to take this deposit out because it jirevents the 
rings from jierftnnimg their ]>n*]>er fuuclums by reducing the ring elas¬ 
ticity, ami if tlie dcpo>ii is allowed to accumulate it may eveutually result 
in .slicking and binding of the ring, this tircKlucing cxces.sivc friction or 
loss of coinpresMoM. When the rings are removed they should be tested 
to see if they retain their elasticity. Tf gas has been blowing by the ring 
oT if these luemhers li:i\c not bmi fitting the cylinder properly the ]>oints 
where the gas passed will be eMcleiiced by burnt, brown or roughened por¬ 
tions uf the polished surface of the jnsUms and rings. The point where this 
discoloration will be noticed nuire often is at the thin end of an eccentric 
ring, (he discoloration being present for about inch or inch each side 
of the slot. It may be ]M»silile that llie rings were not true w hen first put 
in. Thi.i made it possible for the gas to leak by in small amounts initially 
which increased due to contiuiicd iiressurc until cjuite h large area for gas 
cscu])c had been created. Praclicallv all aviation engines now use concen¬ 
tric pisUiii rings ami a?> various ly]»cs of compre.sston, oil control, quick- 
.seating ami coiiqxjuinl ring.s lia\c been fully considered iu tlie chapter on 
pistons and rings, it is nol neccs.sary to go into this suliject again. 

Piston Ring Manipulation.—Removing piston ring.s without breaking 
them is a diflicuk operation if the proper means arc not taken, but is a 
comparatively simple one when the trick is known. The tools required are 
very simple, being three strijis oi thin steel about onc-(|uarter inch wide 
and four or five inehes long ami a jiair of spreading longs made up of one- 
quarter inch ilfameler kc\ slock lied in the eenfer with a c<»pj)er wire to 
form a hinge. Hie coiistrnctiuii is such that when the hand is closed and 
the handles hrou] 4 lit together the other en<l of the expander spreads out, 
an action just opposite to that of the conventional pliers. The method of 
using the tongs and the metal .stri^is is clearly indicated at Fig. 862. At A 
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the ring expander is shown spreading the ends of the rings sufficiently to 
insert the pieces (d sheet metal between t>ne of the rings and the piston. 
Grasp the ring as shown at H, ftressing with the thtiinb.s on the top of the 
piston and the ring will slide i)fir easily, tlH‘ thin metal strijis acting as guide 
Tnembers to prevent the ring from catching in the other piston grooves, 
Usually no <lifficnlty is exi>eneuced in removing the lop or bottom rings, 
as these mcnil>ers may he easily e.xt>aM<lcd and worked olT directly without 
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Pig. 862.-»Method of Removing Piston Rings and Simple Clamp to Facilitate Insertion 
of Rings in Cylinder Bore. A—How to Use Expander. B—Metal Strips to Permit 
Wtt'king Ring Over PUton Grooves. C—Clamp for Compressing Rings and its Use. 

the use of a nietnl strijK When renmxiiig lhe hiteriiieclialc rings, however, 
the metal stri])s will he foiiiKl very useful. These arc usually made by the 
rejiairnian by grinding the teeth from old hacksaw fdados and rounding the 
edges and c<»rners in order to reduce the liability of cutting the fingers. Hy 
the use of the three metal strip** a ring is removed without breaking or 
distorting it and practically no time is consumc<l in the operation. 

Fitting Piston Rings.—Uefore installing new rings* they shoubi he care* 
fully fitted to the grooves to which they are applied. The tools required 
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are a large piece of fine emery cloth, a thin, flat file, a small vise with 
coj>])er or leacleu jaw clij>s, ami a siii<M>th Itard surface such as that afforded 
l)y the top nf a surface plate nr a well j'laued piece of hard wood. After 
makiiig sure that all <le|K*sils of Inirtil oil ami carhoii have heen removed 
from the piston gnKucs, tliree rings arc selected, one h»r each groi»ve. The 
ring is turned all arfuind its circumference into llie gns>\e it is to fit, which 
can he done without si^riiiging it over the piston us the outside edge of the 
ring may he tisctl U» test the width of the gnsivc just as well as the insnlc 
edge. The ring should he a fair fit and while free to nK»vc circumferentially 
there shouhl he no appreciahle up and <lowii undioin If the ring is a tight 
fit it .should lie laid c<lge down uiwm the pave of emery cloth which is traced 
on the .surface jilnle ami carefully ruhhed ilowii until it lUs the gnsivc it 
is to <H*ciipy. It IS aiKisahlc tii fit each pishni ring indiviihiaily ami to tnurk 
tlicm in some way to insure that they will he place<l in the groove t<j which 
they are lilted. 

'Khe repairman next turns liis «ittcuti<m tfi fit ling the ring in the cylinder 
itself. The ring should he tntshed into the c^lnider at least two inches up 
from the hot tom and eiideasor slumld he made to have the lower e<1ge of 
the ring paralhd with the hottotu of the iyliiuler. If the ring is not of 
correct tliumcler, hut is slightly larger than the cyhmler la^re. this condition 
will he evidenl hy the angular slots iif the rings heliig out of line or hy 
dilHculty in insertiug the ring if it is u \n\) joint form. If such is the case 
the nng Is removed from llie cylimler and jdaced in the vise helwecn soft 
metal jav\ clips. SufVicient mcl.il i.s removed with a line file from the edges 
of the nng at the slot until tlic edges come Into hue and a slight s]>acc exists 
hetween them when tlie ring is placed into the cylinder. It is important 
that this sjiace he left helweeu the eiuls. for if this is not <lone when the 
ring^ hecoines lieate<l (lie expansion cjf inclal may cause tlie ends to abut 
and the ring ti» jam in the cylimler. The piston ring' gap tlepemls on the 
ty])e and si/e cd the engine and is usually given m the engine mniiufac* 
Uirer'.s tolerances and clearances tuhle. 

11 is necc.ssurv to use more tluiii ordinary caution in replacing the rings 
on (he pislmi hecuusc they are usually made of cast iron, a metal that is 
very fragile and liahle to break hecan.se of its hntllenoss. Sjiccial care 
should he taken in reidacing new rings ns these memhers are im)re apt to 
break than ohl ones which are seasoned. This is probably accounted for 
hy the healing' action on ii.<»ed rnig> which temls l4» anneal the metal as well 
as making il less s|>riiigv. 'J*he bottom ring slnmld he placed in |K)sition 
first wdiich is easily accompltshed by sjiriiigmg the ring open enough to 
pa.ss on the jiisUiii and then sliding' it into place in the lower greawe which 
on some types of engines is l>clow the wrislpin. whereas in others all 
grooves are above that member. The other memhers arc put in by a re¬ 
versal 4>f the jir<>cess outlined at Fig. 862 A and li. It is not always neces¬ 
sary to use the guiding .strips of metal when replacing rings a.s it is often 
possible, by putting the rings cm the piston a little a.skew and maneuvering 
them to pass the grooves without springing the ring into them. The top 
ring should be th^* last one placed in po.sition. 

Before placing pistons in the cylinder one should make sure that the 
slots in the pi.ston rings are spaced ctpiidistant on the piston, and if pins 
are used to keep tlic ring from turning one should lie careful to make sure 
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thal these pins fit inl<i their ht»les in the ring and that they are not under 
the nn^ at any jioitit. IVactically all c\lin<lcrs are chamfered ai the lower 
end to make <if |>is((in rin^s eaviiT. The o|H valM>n fif jmttinj; <>n 

a cylinder cashnj; over a ]>»stoi) really re«|ipires two |»airs of liaivls, <*iie to 
manipulate the cylimler, tin* other (ktsom I<» close llie rin^s as they cuter 
the cylipnlcr. Tliis may he done \ery easily liy a simple claiup member 
made of sheet brass or inm and used to ch»se the rin^ as indicated at Fig. 
862 C. It is aj)pareiit that a Jiarrow clamp must lie afljnsle<l to each in¬ 
dividual i*ing and tliat tlie sjdit portion the rhiiu|» nni'-t coincide with the 
split portifm of the ring. Wider elaiiiji'^ that will embrace all rings ami 
provide<l with a bolt to hohl iIm‘ lijis together ami the ring coiitracUal arc 
Rfimolimcs used. The cylinder should he well oiled before any attempt is 
made tt> install the pistons. The engine should be nm with more than the 
ordinary atmnnit of lubricant for several hours after tiew piston rings have 
been inserted. On first starting tin* engine*, one nun be disajiiioinled in that 
the coriijiresslon is even less tliati that iibiaitied with the old ring's. This 
condition w*ill .soon be remedied ns ilie rings becotne polished and ada[it 
themselves to the contour <d the cvbinlcr. 

Wristpin Wear.—'While w ri-^tpiiis are nstmlly marie of very tr*ugh steel, 
case hardened with the object of ueaiiiig out an easily renewable hfon/c 
bushing in the np|nT end of (he connecting mrl ratfier tlian ihr wristpin it 
sometiiucs hajijiens that these memhers will be worn so that esen the re¬ 
placement of a new bushing in the cormeeting rod will not reduce the lost 
motion ami attetnlant noise due to a hsise wristpin. The only reme<ly is 
to fit new' wrist pins lo the piston. Where the conned mg rod Is claint»ed to 
the wristjun and tliat meinher oscillates in the |Mstoii bosses the near will 
usually be in<Iicaled on bronre biisliings w*hich are pressed into the piston 
bosses of cast iron jilslons though when alloy is used, the wrlsi])ius usually 
bear directly in the metal. These are easily renewed and after ninning a 
reamer through them of the proper si/e no difficultv shoulcl he e\)ierienced 
in rejdaeing either the old or a new wnstptn flepeiidiiig tipoii tlic eoiidilfon 
of that member. Jf nf> bushings are )irovidecl, as in alhw pi.si<nis, the hos>cs 
can sometimes he borc<l <nil and thin hiishings inserte<b thongh this Is not 
always possible. Tht alleniative is to ream or grim! out the boj^ses ami 
upj>cr eml <jf rotl a trifle larger after holes are trued up ami fit <iversizc 
wristpiiis. 

Inspecting Crankshaft and Crankcase.—The crallk^hafl. after the pn> 
pclter hub has been rcmoied. shonhl be put between centers to check the 
triiencss of the shaft end and to deteniiiue whether or not the shaft is 
sprung. Main hearings and comieclitig hhI or crankjMns should he meas¬ 
ured for amount of wear, or imlicaled with a dial or special test-indicator. 
Crankjiin hearings that arc out-of-jiarallcl with the main bearings throw* 
the connecting rods onl-of-line, cnuMiig them t<» whip hack ami forth he- 
Iw'een the piston-pin bosses, producing probalilv .SO per cent ai the noise 
usually attributed U» pistou slat> This lack of parallelistn can best he de¬ 
termined hv the use of a special crankshaft testing machine, with paral- 
lelograph attachment, which <lruws a incture showing the exact cotwlitiun 
of the pins relative to (he main hearings 

The crankcase .should be checked n\i for cracks, alignment am! warjiage 



REFIl'TING ENGINE BEARINGS 


1803 


of the base. All cylinder-block and journal-bearing: studs should be exam- 
ined for poor threads or looseness in the crankcase. Camshafts, camshaft 
bushings in the crankcase, timing-gears, idler gears, idler-gear studs, idler- 
gear bushings, and magneto and walcr-puinp-shaft Imshings and bearings 
should be checke<l to determine whether new ones arc rc(|nire<L Connect¬ 
ing ro<ls sluuibl be oxainincd for fractures aiul all bolts an<t nuts should be 
given special attention. 

Worn timing-gears are always more i>r less noisy, aneb while the old 
ones may fre<[nenlly be used in a recoiulitnmiug job, ibis should never be 
done without a clear uudcrstaiuliug >viih the owner, who may md place as 
high value on tjuietnes.s na is repre^eiiUnl in the c<»sl of new geans. Idler- 
gear studs may be sns*e<[ by grnuling olV 0.(K)2 inch from the outside 
diameter, as the new bu>hing> nsually have enough metal in,side to allow 
for an nndersi/cd stud. 

Inspection and Refitting of Engine Bearings.—While the engine is dis¬ 
mantled one has an cxcelleni opiMiri»inity to CNamine ihc various bearing 
priints in the engine crankcase u» ascertain if aii\ loi»sencss exists <lne to 
doi»rcciatioii of the bearing surfaces. As will be evident, both main crank¬ 
shaft bearings and the h»wer eml of ibe i*<*iiiieelhig nuls may be easily 
examined fi^r deterioration. With the rods in t>lacc. it Is not difficult to 
feel the amount id lost motion by grasping the voiinectiiig r(»c1 hrinl) with 
the hand and imwing il up and douii. After the connecting ro<ls have been 
removed ami ibe propeller hub taken i»lV the crankshaft tii jurnnit of ready 
handling, any ](MiM*iiess in the main bearing mas be detected by lifting up 
on cither the front or rear eml i>f the crankshaft and c»l>serving if there is 
any lost imdion helweeii the >*liaft journal and the iiinin bearing caps. It 
is luit necessary to take an engine entirely apart \t* c.xamine the main bear¬ 
ings. as in most hirius the.sc may be readily readied by rcinoving the sump. 
The symptoms (»f worn main bearings arc not hard to identify. If au en¬ 
gine knocks regardle-s of si)eed or si)ark-lever jKisitioii. and the trouble is 
not due to detonation because of miMiitable fuel or carfioii de)>osits in the 
conibnstioii'Cliatiiber. one may reasonably surmise that tbc main bearings 
have become loose or fliai lost motion may exist at the connecting rtKl big 
ends, and jjossiblv at the wristi»ms. The main journals of any well designed 
eiigdiie are n-iually proport ion if I with atiijile surface am! will not wear un¬ 
duly unless bibncatioii lias binm neglected. The c<Jiineclmg roil bearings 
wear ijuicker tliaii the main bearings owing to being .snbjcctcil to a greater 
unit stress, ainl it may be necessary to lake these up or rcjdacc the )>earing 
metal. 

Adjusting Main Bearings.—Wlien the licurings arc not worn cnong^h to 
reejuirt relitting tlie lost imduMi can often be ellininate<] by removing one 
nr niore of the thm shnn.s or liners <irdinarMy used to seiiarate the bearing 
caps from the seal. These are shown at Fig. 8ti3. Care must be taken that 
an even number of shims of the s.nnie ilnekness are reiiirwcil from each 
side of till* journal. Shims are not used iii aiiation engines as mueb as they 
arc in automobile moti>r> ainl ni mt»st east's the brasses must be replaced 
wdth new vihcii w'oni. If there is considerable lost motion after one or two 
shims have been removed, il will be advisable to take out more shnn.s and 
to scrape the bearing to a ht before tbe bearing cati is tightened up. It may 
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he necessary to clean up the crankshaft journals as these may be scored 
due tr> not havinj; received clean oil or having had hcarinjr^ seize ujion 
them. It is not difHcnlt to true up the craukjntiN or nuiiu jouruaK if the 
score marks are not ilcep. A fine file and emery cl<dh may he used, or a 
Iai)pinj 7 t<M»l such as dejiicted at I'l;;. It. The latter is prefcrahle he- 
cause the file ancl e:nery clcuh wdl imly lend to siuiHith the surface uhile 
the lap will have the elTecl of rcstorinj^ the crank t<» |»ropcr contour. A 
hadly shaft can only he restored |>roperly hy the use cd a s]>ecial 

crankshaft jjriiidiiii; machine, hut minor ^^rooves can he removed hy careful 
lapjMU^. (irimlin^ is the imly process to restore ont-of-ronnil cranki>ins or 
main journal.^. 

A 1a]^)int; UkA may he easily made, as shown at It. the Mocks being 
of leu<l or hard wood. As the width of theM* are ahiait half that of the 
crankpin the ti«d may he worked frotn side to side as it is rotatc<l. An 
ahra.sivc f^aste comtM»sp<l of fine emery p<»wiler ami i»il is ]»lace<l hetweeu 
the Mocks, ancl the Mm'ks arc firmly ehiniped to the crankpin. As the lead 
hlr>cks lied down, the wing nnt shonhl he tightened to insure that the 
abrasive will he hchl with s«mio degree of ]>re.ssnre against the shaft. A 
liberal sn]>ply of new abrading material is placed between t)ic laj^ping 
l>h>cks aii<k crankshaft from time to time and the old inixinre cleaned off 
with gasoline. U is nece.<snry to maintain a side li» side movement of the 
lappings tool in order to have the t^nn'e^^s atTect the whole width of the 
crank)>ni e(|u:il)y. 'I'hc hi]ipnig is con tinned until a smiKilh surface is ob¬ 
tained. If a crankpin is worn out of true to any extent the only mctho<l of 
restoring it is to have it ground di>vMi to pro])er ciretdar form hy a com* 
pclciil mechanic having the necessary machine tisds to carry on the work 
accurately. A crankpin truing lool that may he worked hy huml is shown 
at Fig. 187 K, this being suited for cruiikptns that are not hardenetl or made 
of hard alloy steels. Jl shaves olT the metal oi the high sjh»Is. the nmounl 
of cut being' a<(j list able hy screwing the cutter in or out. 

After the crankshaft i.s trued the iicxl oiieralion is to fit it to the main 
hearings or rather to scrape these luemhcrs to fit the .shaft journal. In 
order to bring' the brasses closer together, it may he necessary to remove 
a little metal from the edges <»f the cajis to conijiensatc for the lost motion. 
A verv simple way of doing this is shown at J'‘ig. O. A tiiecc of medium 
emery cloth is rested on the surface phile and the ho\ or brass Is pushc<] 
hack and forth over that member by hand, the amount of pre.ssure and 


rapidity of movement being determined by the amount of metal it is 
neces.sary to remove. This is heller than fdmg. because the edg'cs will be 
flat and there will be no tendency for the bearing cajis to rock when idaced 
apainsil the hearing' seat. U is iin]iortanl to lake enough olT the cilges of 
the boxes to insure that they will grip the crank tightly. The outer diameter 
must be checked with n pair of calit>ers during this operation to make sure 
that the surfaces remain imrallcl. Otherwise, the liearing lirasses will only 
grip at one cncl and with .such insufficient supjiort they will cjuickly work 
loose, both in the hearing' seat an<i bearing' cap. 

Scraping Brasses to Fit.— To insure that the bearing brasses will be a 
goo<l fit on the tnied*up crankiiiiis or crankshafi journals, they must be 
serai>ed to fit the various crankshaft journal.s. The proce.ss of scraping, 
while a tc<lious one. is not difiiruli. rc(|uiring imly ]mlicncc and some degree 
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of care to do a good job. The surface nt the crankpin is smeared with Prus* 
Stan hhie pifliiieiit which is sprcatl r\ciily <ivc’r the entire surface. The 
hearinjfs arc llu*ii clamped lM«»riluT in the I 1 .S uul manner with the proper 
holts, and the crankshaft revoivcil scmtst) times to itidicale the hi^h spots 
on the iM’arin;? rap At tin* •^tart of ilie jjroc<’ss of scrainn^ ni, the bearing 
may scat <irjly at a few* points as shown al hij^ fx ( onlinucfl scra]MTi|f 
will brint' the hearing surface as indicated at H. which is a considerahle 
improvement, while the process may be considered coni]dele when the brass 
indicates a heariitfir all over as at I. The hi^di sjKits are indicated by blue, 
as wdierc the shaft dors not hear tni the hcariiij; there is no color. Tlio 
hiph spots are reinoveil hv means rd A scrajMnjj 1o<d of the fc»rm show'ii 
at Fij;. V, which is easily made from a wonwxnt file, 'rhese arc hirfferl 
to shape ami tn'imnd hoUow as indicnied in the stTlnm, ami are Wcj>l 
properly .sharpened by frc(|nent nihhintj <«i an ordinary «ii! stone. To scrajio 
properly, the e<iue of the scraper mii'^t he very kvetx. The straijjhl and 
curved half-round scrapers, shown at M ami N, are iise<l for bearini^s. I'hc 
three-cornered scraper, otiilined at O, is also used on curved surfaces, and 
i.s of value in rcjun<lintf olT .sliarji corners 1'he straij'hl or curve<l half-round 
type works well on sofl-heann^ melaU, such n\ ludddll, ar white brass, 
but nil yellow' brass or bron/c it cuts very sU»\vly, and as sr»on as the edge 
becomes dull considerable t»ressure is needed to remove any metal, this 
calling for frofjuent shnrpcninj;. 

When correctinc: errors on flat nr curved surfaces by hand-scrapinf:. it 
is desirable, of cotirsc. to obtain an evenly spotted bcarlnt? with as little 
.scrajiini; as possible. When the i)art to be scraped is first atudied to the 
surface-plale. or to a journal in llie case fit a ?»ea^in^^ three or bjiir “hinh** 
spots may be in<licatcd by the inarkini; material The time rerpiired to re¬ 
duce these hijjh s]>ols anti obtain a bearing that is distributed over the 
entire .surface tlopcuds lar;,ady ii]K)n the way the scrapin;? is started. If the 
first hcAriiip marks indicate a tieciilerl rise in the surface, ninrh lime can 
he .saved by scrajdne; lar^pT areas than are exo'ered hy the hearing marks; 
this is esi>ecially true c»f larye shaft ami engine bc;irini 4 ;s. etc. An experi¬ 
enced workman will not xmly remove the heavy marks, but also reduce a 
lari^cr area; tben, when the bearing is Icstetl aj,cain. the marks will jjener- 
ally be tlistribnted .Munewliat. If the heavy maiks which usually ajipear 
at first arc simtdy removed by lii;hl scraiunjj. these ‘‘point bcariuK^s*' are 
gradually enlarged, hut a much hm^jer lime will he rcxpiircd to dislrilmtc 
them. 

The ntimbcr of times the hearing; must be applied to the journal for test¬ 
ing is imiH>rtanl, especially when the Imx nr hearing is large and not easily 
handled. The time retjuired to xlistribute the bearing marks evenly depends 
largely upc»n one*.s judgmcitl in •‘rending** thoc marks. In the early .stages 
of the scraping operation, the marks shoiihl be user! partly as a guide for 
showing the high areas, and instead of merely scrajdng the marked spot 
the surface surrounding it slnmhl also be reduced, unless it is evident that 
the unevenness is local. The idea shotdd he to obtain iitsi a few large but 
generally dtstrilmtcd marks: then an evenly and fintdy spotted surface can 
be produced (juile easily. 
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In fittini; l)rn»st?s when Ihesc arc (»f the rcnuivahic type, l\vi» methods 
may ho used. The npj»cr half of the engine l>ase may he inverlcd on a 
suitalile bench or stnnd ami I he lH>xes fllle<l by idacmg the crankshaft in 
position. claTHjjin^ down one heariiij^ ca]> at a time and fitting each hearing 
in SMCCOssion uiitfl they lied eijually. From ihul lime on the hearing's should 
he fitted at the same lime so the shaft will he t>arallel with the bottom of 
the cyliiulers, CimsidcraMe time and hatnllinK ih^ heavy crankshaft 
may be savetl if a preliminary fitting of the bearing brasses is nia<lc by 
clamj'ing lliem lugciher with a car|»cnlcr*s vv<jod clamp as shown at Fig. 
863 J. and leaving ihc crank shaft attached lo the bench as shown at C*. The 
brasses are revolvc<l aronncl llu* crankshaft journal and are scraped lo fit 
wherever high sjiots arc indicated until they begin to seal fairly. When 
the brasses assume a liiiisbcd aiipcarance the final scraping should be car¬ 
ried on with all bearings in ]iiace ami rcsob ing the crankshaft to determine 
the area of the sealing Wlien the brasses are projierly filled they w ill not 
only show a full bearing snrface. but tlie shaft will not turn unduly har<l if 
revolve* I willi a nnMlcratc aim mill of level age. 

ncurings of while metal nr babhill can be filled liglUer than those of 
brrmxe. ainl care must be observed in supplying* lubricant as consiilerably 
more lhan the n-'iud ninonni is iicecknl iiiitd ibe hearings are run in hy 
several hours of lest bl«*ek v'jok. Uefoii* ihe scraping jjrocess is started 
it is well to clitsci uii oil grvMive in the bearing as shown at Fig. 863 
L. CtriHives are verv ludpfnl in iii*>nriiig uniform distribution of oil 
over the entire width of bearings and at the same lime act as reservoirs to 
retain a ''n)i]dv of oil but ibev muNt be eut in with considerable jndgnneut. 
The tool iiscil is a rinnnbnosed chisel, the elTori being made to cut the 
grooves <if uni form deiuli ami having' smrKith sides. Care slioiihl be taken 
not Ui cut the groiiw'* Urn *lee]dv <»r nmke them tiM) long as this W'ill seri¬ 
ously rciluce ihe slrengtb t»f Uie bearing bnsbiiig. 'j*he sha])c of ihc groove 
ordinarily iirovnie*! clearly shown at Fig. 8<*3 (i. and it wdll be observed 
that llic g'rvKives <lti not cNleml clear lo the edg'C cjf llic hearing, hut stop 
about a rpiarter of an inch from that j>oint. The hole through which the 
oil is sui'iilied to the bearing is usually drilled in such a w‘ay that it will 
coniniunicatc with the groove. The designiTs of some modern engines do 
not pr<»vnle anv gmoves at all, others very slu»rl gr«u>ves. A safe rule to 
follow in grtK)\ ing is It* dnidicale those jirovidcd in the original bearings. 

The toed shown at l**ig. W»3 K, is of recent clcvelojuncut, and is known as 
a '‘crankshaft ecpialixer.'’ Tins Ls a han<l-v»piTaled turning Iih) 1, carrying 
cntter.s whicli are iniendetl Ut simHifh down scored craukphis without using 
a lathe. 'I'hc feed may he ad)U'>led l»y suitable screws ami the tlcvicc may 
he filtc*! lo crankpins and sbafl-journals uf dilTcrcnt diameters by other 
adjusting screws. This <levicc i.s not hard to operate, being merely clamped 
around the crankshaft in Ibe same manner an the lai>piiig tool previously 
described, and after it has hern proi»crly atljusied it is turned aroiiml by the 
levers j^rosided for the jiurjHJse. the coiitniuoiis rotarv motion removing 
the metal just as a lathe lonl vvonbl. While it lias been fie vised for auto- 
mobile iinUors. it may he u.se<] i»ii aviation crankshafts where the metal it 
soft enough to ticrniit its use. 

Remetaling Babbitt Bearings.^'nw: vipcratu^n of remctHling bahintt 
bearings is liy no means a simple ime; each step must l>e well understood 
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and properly performed to obtain the best results. Fjcperience has shown 
that a perfectly pood babbitt can be made practically worthless for bearings 
by allowing it to become too hot. alwi by iKmring when too hot or too cold, 
yet sufficient attention is not given in many instances to the proper han- 
dling of the balibitt in inciting and a])p1>ing it to the bearing according to 
Mr. E. Andrews, writing on this subject in Pmvvr. 

To renew liabbitt bearings elVectively. it is necessary to remove ail the 
old lining frc>m tbc slid I by heating, preferably in a pot of molten scraj> 
babbitt kept at a leinpcrauire tif alsiut 675 degrees J'nhreidieit. Immedi¬ 
ately the old lining is imdieil out. swab the bearing surface with zinc c!il(»- 
ride ami then dip (he slidl into a jw^t of nndten **half-am1-half*’ solder, which 
should be ke]‘t at a tcm|ieraturc not less than 6iS am) not nuirc than 675 
degrees ]''alircnbdt. Ibibbitt inclal should m»t 1>e used for tinning because 
it has a much higher melting tiotut. which makes it dilhcult to maintain 
a molten lilm on the fK*aring surfaces, llic shell should be left in the 
molten sohlcr until it is just hot enough for the solder (o run <iff fredy, 
leaving a thin coaling on the surface. 'I'he alnivc applies to sled or broiue 
shells ami not to any c<mstrnrtion where white tnclul is imiircd directly 
into JhirnI or other alnininntn alloy catis or connecting rod big ends. In 
Mich cases, anchorage holes iimst be drilled into the alloy to hold the 
babbitt. 

Occasionally, it i.s bniml when a bearing lining has been melted out. 
lliat the surface contains black .spots or streaks; ihese should be removed 
by scrainng or filing before tinning tlic shell. When the bearing sur¬ 
face IS pr(»jicrly cleaned, cover the parts mit to be tinned with cl ay wash or 
a thin mixltire of graphite and water. Swab the bearing surfaces with the 
zinc chloride and then tin the shell by innncrsmg in the nviltcu solder. 
The best material for wiping I lie shell bearing suriace is closely woven 
collrin fabric that is free from nap. CJrdinary cotton waste is unsatis¬ 
factory, as it tends to leave strands u|>c>ii the tinned surface, which are 
diflicull t<i rciiioM*. 'I'lie bearing to be babbitted shouhl be dmie Mninedl- 
atdy after it has been linned before losing llic heal given to It during the 
latter jirocess. 

Dealing iu>w' with tlie babbitt luelnl itself, care mil'll be taken not to 
overheat it cl tiring the melting <»iKTnlion, as an coerbeated bablutt is more 
or less brittle. The correct tcmt»cr,aturc is from 8.H> to 875 degrees Fab- 
renlicit. It i.s necessary that this ti'iiijierature be maintained when jnmring 
the metal and that the Ingtier teniperutitrc be not cvccedcd. Refore iicmring, 
the molten metal must 1 h* thoroughly stirred, preferable with a stick of 
wcMid; cilheruise the heavy metals will settle at the Isiitoin of the pot. To 
prevent oxidation of the molten metal, cover it with a thin layer of pow^- 
dered charc<»al. A rough a|»|>nKKimation that the babbitt metal ts hut enough 
to pour IS that i>*niil w here the slick chars and just bursts into flame. 

Wherever practicable the bearing shell shmiid be in a vertical position 
while ]Miuriiig. The bearing should be monnled in a jig and both heated 
until the tinning on the inner surface ju.st begins Ut niii. Four from the 
ladle in a steady stream directly down along the beateil luandrel to avoid 
pocketing of air or sjdashing. A wcll-de.signed ladle for the job is one 
having a rounded s|>out to enable the babbitt to be poured in a round and 
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smooth stream. If the Hp of an ordinary ladle is used with nmj^h burrs 
or other surface irregitlarities, the metal is splashed up ag^alnst the tuaiulrel, 
which tends tu produce iKmms surfaces or blowholes. Properly rcnietakd 
bearing:* should rxug when struck liphtly wiili a hammer; it they do not» 
it indicates that the haldutt metal has nnt adhered thoroughly or that the 
bearing is cracked. Only the highest grade nickel habbill metal slKudd he 
used in aviation engines. The onlinary gTa<lcs suited b^r machinery 
l>earings is not suited for engines. 

There is a tcudeiicy amtmg a gihKl many mechanics to cut a lot of 
grtjoves in a l>caring on the a^*<muptiotl tiiat the more grooves there arc, 
the more luhric.aiion the bearing gets and the los likely it is to heat. Then 
there seems tfj he a temlency aniinig other mechanics with an artistic tent* 
jierameiit. U> cut tlie grooves in fanciful designs. (iriHiving should he done 
with the utmost economy because, at its k'sl, a gT*«»ve is a necessary evil. 
Kvery groove cut in a hearing means .si» much less siirkce area and weaken.s 
the bearing to that extent. 'I'he cilges should Ik* nmmled off, otherwise 
the sharp edges are likely to vvi|K* olF the <»il and cause the hearing to heat. 
After a ]htio< 1 i.f use it is well t»i examine the bearing t<» see whether the 
wear on the babbitt has again sharpened the edges of the grooves or closed 
tluin. In sixtmnal U*arings the inside edges should lx* gro<ivi*<j away where the 
sections meet. Inijiroper g:riioMng may enlirvly eliaiig^e the pressure 
lubricating s\stetn and it is a g*M.tl rule to observe the grooving ]>rovidcd 
by the engine builder and this shimid be followc<l even if it does not agree 
with the note ms or jirevious experience of the mechanic doing the work. 
The mandrels used iii kihbiti ]M)uritig jigs are always siimller than the 
shaft the brasses are to fit aiul the hearing must be Hi ted by boring, line 
rcnmiiig or hand scrajung tt* lit and s<mietrmes by the three pr<)eesscs. one 
following the other In the order n.amed. the final fitting being by very light 
hatnl scra)>ing to remove Ingli spots, llunigli boring and line reaming usually 
leaves a good eiiougdi finish if carefully dime Si» the final )H>lish is given 
by the nnniing in jms'ess. 

Fitting Bearings by Boring.—Before inserling bearing halves in the 
craukc.ise bores, iiarticiilar lare sUouhl be l.iken Ut svv that everything is 
clean ami ihai no chii»s or burrs on bearings arc allow*e«l to,gel in between 
the iHire ami (he <»u|.sule of the bearing halves, which shonlfl he forced into 
the bores as lightly a.'* jHissible. Jl shouhl 1 h* borne iii niiml that the dif¬ 
ference between fitting bearings into a new and an old crankcase is a va.st 
<iiic. I'hc Ixiros in a new crankcase arc roiiml and true, while in an old 
one it is diflirult determine what shape they arc in. It shindd also be 
remembered that tlie buifiler vd the engine ha<l a manufacturing (i>lerance 
ill machining the bores of the crankcase and the lH.’anng manufacturer must 
also have tc»lcrance on the nulside diameter of the bearings. Imw example, 
if the rrankc'ase bore should lia])pen to k* 0.(X>2 inch over .standard and the 
outside diameter (U* the bearing should k 0(X)2 inch luniiis siaudarcl, the 
bearing wouhl then coiiie in contact with the k»re cmly at the very bottom, 
leaving an opening of (UX)J inch at each side of the bearing at the top. 
Should the conditions he reversed, that is. the crankcase bore k under 
standard and the outside diameter of the hearing over standard, the bear* 
ing would touch on the side.s at the tup, leaving an opening at the bottom 
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of the lx)rc. In either case the bearing: w<ml<l soon work loose and give 
trouble. Not <mly the manufacturers* tolerances are to l>e considered, but 
also the wear and war])age of the crankcase lK>re, ami to compensate for 
these inaccuracies, it is of the utmost importance that the hearing halves 
be left (MX>i li> O.tXB inch alN»vc the craiikcn.se and the cap faces, so that 
when l)olting ilu* cap on the crankcase the face.s of the bearing halves will 
meet lK.*fore tlic facc.s of the cap and the crankcase, thus giving the bearings 
what is known as a **drive fit.** similar to that of a connccting-nul piiv 
bushing, 'riic fitting of bearings into the crankcase shouhl never be at¬ 
tempted before the hh»ck. or blocks, have first been bolted on the case. 



Fig. 664.-*-Special Jig for Aligning Connecting Rods of CurtUi OX Series Motors 

Can be Used for Other Rods Within its Capacity by Uvng Suitable Mandrels. 

'rilfs brings the crankca.se l>orr> Into pcrtiiancnt iilignnivnt uith the cylin¬ 
der ba>o mid, unless the fylnulcrs and tlic crankcases are thus asscinhlcd 
before fitting the liearings, no assuranee f>f accuracy is jiossible. 

Having pri^iicrly liUetl the I searings into the crankcase, tiiey should be 
carefully removed, the lK;aring fixture clanijwd on the crankcase and the 
horing 1<h»Is focalc<l (nmi llie bores. 1*his o|>eration Inis lieen dcseribed in 
the cliaiUer on overhauling i nriiss 1 )\2 engines. 'I'he InMring.s can (ben be 
replacc<l in tlic crankcase and bored to the si/e of (he crankshaft. ]dns 0.(X)l 
inch jUT inch of iliauieter for an inl-bliu. 'riirusi bcaring> in tlie crankcase 
should next be filtinl and a.s niucli care .should be exc-rcistxl in securing 
squareness (it Ibe face of the ibrusis as in securing accuracy of the diam¬ 
eter of the bearing Ilefore removing the lH*aring caps after boring 

and to insure abs<dule accuracy and umbmuty in the reselling of the caps, 
when putting in the crankshaft, it is reconimende<1 (hat each nut be care¬ 
fully niiirkcrl in relalioii to its .siiul ami th.it they be brought to exactly the 
same relatmii in the linal assenibly. 

The same U»riiig inelluMi is used in filling the coiinecting-nul bearings. 
Piston-piius should be filled in the connecting rmis l>cfore the bearings are 
fitted, and the squareness and twist of the rods cheeked-up both Iwfore 
and after the iKiring of the bearings by special fixtures as shown at Eig. 
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864. This shows a jig adapted for OX engine ro<ls Inil it can be used for 
others by enijdr>yiiijj projicr mandrels. Sides of ihc lu'arings rc<|iiirc as 
much care llie face, as excessive cud clenrance on ihe connecting-rod 
bearing rctluce.s oil iire>Mire aiu! |»Tc\eut> an e\en dislrdmliou i»f liiljricant 
ihroiighout ihe engine. 'Wh* mncli clearance will aLo stmn result m a 
noi.sy engine, caused by the connecting rod slid mg hack and forth on the 
pins and striking against the .sides i»f Ihe crankshnb and also the piston pin 
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Pie. S6S.—Roller Bearings Used on Napier '*Lion** Ensine Crankshaft and How Inter* 

mediate Bearino May be Removed Over Crankwebs. 

Assembling Main Roller Type Bearings to Crankshaft.—*In htting Nos. 
two, three and four bearings on Napier-Lion engines, the s^dit hushes are 
first prcjiared anfl fitted, together with the keys for the keyed half of the 
hush. In order to ensure a satisbiclory fit for the hearing when assembled 
a certain atnonnl of seliTtion of ImuIi bearings and split bushes is recom* 
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mended where cimiinstances permit m»nnaUy a hush nr tap limit of thick* 
ness is used with a jniirnal tin low limit of <iiamcUT and vice versa. The 
sharp corners of the hiu^ties must Ih* radinsed and a |>food lend ^iven to 
the e<l^e <if the l«»re td the Ini^h, ilie chain fer at each end of the 

hriish iK'iii*; well hlended into the l»*re. ‘\'Uv lendnij; cdi^e of each liearinfi^ 
journal, i.c., lca<lin^ relative Iti the sjdtt hush when fitting: mast he 
given a slight rrulnis to Idcnd Iri the rrnnkweli. It may he found that the 
ends of the stjlit hashes ff>nl on the vehs where they hlend to the journals, 
If this is so n small dejiresshm muy lie filletl in the weh. using n roun<l or 
half ronntl. file of small sv/.<\ renicn ing jnst cimugh metal to alhiw the bush 
to pass freely with its horc parallel to and in contact with the j<mrnal. 
If this is not <lonc. the hash will enter the hearing at an angle, ami if driven 
home will <lamagc cillwr tl>e journal or l»carings. or both. 'Hie hushes should 
mnv lie inecl on the hearings using marking to verify that they seal cof 
recti y, )>aftjenhir at ten lam heing^ ]aud lo llie radii of the wehs and cor- 
respoinling cliaiaher on the split haslics. The keyed half of the split hush 
must Ik.* ina<le a goiMl jnish fit on the key assemhhng. 

it is recoin Ml ended that the following se<|Meiice he follow eil in U'^semhling 
the licaraigs on the crankshaft; 

1. Fit No. 5, i.c., ffiiut main hcanng^ 'I'he inner race is healed in oil at 

100 degrees ('entigra<le anti then )dacerl in position on the shaft, care 
being taken th.at the chanifiT in the iKire (d the inner race anncidcs with 
the ratlins on the weh. A certain ainonnt of selection may he nceesary 
here in t)rder to get the most salisfactor> (it. 'rhe rollers are then ussem* 
bled on the inner race, being held in hy means of a narrow hell of 

leather, or other snitahle material. mi<l the outer race filled. Tliere should 
be not less than ,002 inch diametric clearance IkUwcch rollers and miter 
race. 

2. Kit oil thnwver to pinion ] nit ling setscrews liHiscly in pi^siUfm. It may 
he found necessary lo case the horc nf the thrower .slightly hy means of a 
scraiier. Place keys in poshinn nit sli.ifl and assenihfe jiinion w ith nut and 
locking washer. 'J'he nut is drnen up with a spanner ami lead liammer 
until the distance he I vv ecu the shoulder on No. A crank ihrow front weh 
and the rear face of the pinion l>oss is approximately 1.175 inches. The mil 
is left in such a )«j«ilion that the tah of the locking wa.sljcr is central iiii 
one of the flats. 

Tighten up oil-thrower setscrews mi 111 the thrower i.s firmly held 
against the face of the inner race of No. 5 licaring. the screws being locked 
either hy means a single length of Vir. hich diameter indd sled wire, 
threaded through iKith .s<rew.s or in the Scries 5 type hy means of the 
sjiring ami locking jdate. 

3. The remaining main l>earings arc next assenihlcd in the sequence 
4, 3. 2, 1. Itef*»re assembly, it is advisable to check the diametric clearance 
helwecii the nfilers and the outer race, and in the case of Nos. 4, 3 and 2 
bearings, this must not be less than .0025 inch. 

When checking the clearance, the complete liearing should be rested 
on a smooth plane surface, e.g., a surface tdate. The hearihg.s are assembled 
complete and carefully threaded on to No. 2 crankjiin in turn. To thread 
the liearing on to No. 3 journal, allow ih6 outer race to nmve backwards 
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until ihe rollers protrude approximately one-lhird of ihctr Icnjfth from the 
race. It will then he found that the beariuc will pass easily over the next 
crankweb. In passing from No. 3 journal to No. 3 crankpin. the outer 
race must l>c pushed fnn^vrd a similar amount, when it w ill again he found 
to pass freely over tlic weh. Care must he taken not to shed the ndlcrs dur¬ 
ing this operation which is shown at Kip. 

Having Uken Ka. 4 hearing \t> its jiHirnal. the sjdit hnshes must he put 
iTt position. First smear a litftc clean grease on the j<mrual and sjdit hushes 
hcforc assemhiy. ICvcry prceaiitiou ninst Iw taken l<> ensure the .strictest 
cleanlincs.s of the eouj|w.nents. The plain h.alf the hush is threaded in 
from the rear side, and jmassed rouiul op]K»stte the key, raising the licaring 
with one hand whde doing so. This half should l>c so positioned that, 
when the keyed half is assetnhied. the gap ivetweeu the two is approKiiuately 
equal at each end : niiy alleraiinn in the spacing, indiealiog movement of the 
l))ain half (»f the hush, will then readily hr notieeahle. To judge the ga]). 
the keyed half is laid on the jotirnal with the ke^way in line with the 
key, and the jdaiit half riiove<i round into correct |><»srtion. Shouhl any 
difhcuUy l>e esfieneuced in this, hehire coiuutetuing the usseinhly of the 
hearings the kcyc<l half (»f each hnsh nuiy he pressed hnnie i>n the journal 
with the key iu position and a line scrived .*it each end of the hush. These 
lines are then used as gnide.s for the location of tlir ]dain half of the hush 
on assemhly. 

The keyed half of the hush is now entered, lap)dug lightly with a ham¬ 
mer until it IS grijijied. care heing taken that the key way is in line with the 
key. The hush is now lightly driven home with a hrass drift, taking up 
each cud alternately a small amount until the hush is right home. TUc drift 
niMsI hr usrd r>» thv s*dtd pori itf i/ic httxh oidy otul uof tm iftr thin flange. 
The bush must he driven in until the Hangc hears evenly all round the 
inner race. 

If, in rutiiig, a hush ajqiears to rc<|uirc undue force to drive it in, it 
sluuild he removed and a husli <»n the lowest limit of thickness fitted. A 
guide to the correct lightness of fil is given hy the diametric clearance 
hetwccii the ndlers and the outer race of the hearing. 'I'hc fit is correct 
if this is reduced hy alniut -(XKtS inch, when the hush is right home. If 
less, the hush i.s Um slack : if more. to4» tight. Where a jimrtial is on top 
limit of diameter, a little selection of hoth hearing and sjilit hush may he 
necessurv 

The priK-cdiire in fitting Nos. .1 an«l 2 hearings is the same as that for 
Nt* 4, described aho\e. exc<*i »1 that in the case I'f No, .“t. it Is necessary, 
during (he driving up yf the keyed half of the hn.sli, lightly to drive the 
inner race t<iwards the* rear end of the shaft at intervals, in order that it 
seals on (he flange of the (djun half of the >pht hush. 

To Fit No. 1 Bearing.—The inner race i.s lieated in oil at 100 degrees 
Cenligrarle ami j)lace<l in pi»silion on the shaft. 'I’he ndlers are asscinhled 
in the older elr> . «*iiid tin* iYh»»h* nsMmitded i»n the inner rare. It will 

he found that if care is taken the onicr race can Ik* turned into tlio verlical 
])osition for as.scnihly mi the inner race witlunit shedding the rollers. 'I’he 
nut and tahwa.sh^r are ueM put on, taking the nut u]» hard with n spanner 
and lead hammer. It slum Id be so arrangeil that the tah of the washer is 
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central un one of the flats of the nuts. Since the bearing pulls up on a web 
of the crankshaft it may be necessary to choose a nut by selection, or, 
alternatively face down the nut until it will come into the required posi* 
tion. If the nut and hK-kiug washer arc fitted so that, when the nut is 
taken up tight with the spanner alcme. the tab of the washer lies evenly 
across one corner of ihc nnt it will 1 h* found that the nut will he tightened 
up lo the c<»rreii ainoiiui when it is huinniered ujj so that the tab falls in 
the middle of the next flat, 'riils slumhi )h* u.sed as a guide in fitting, 

The sel.screw.s fnr the split hushes f«»r Nos. 2, S an<l 4 bearings are locked 
in position by meaus i»i split pins. A split \nu one \nvh in length is usetl. 
one leg lying straittbt almi^ the side of the s]>]it bush, and (lie other being 
bent back to lie along the bush in the (opposite flireelion, the h<de in the 
setscrew lying imrallcl to the face <d the bush. 



Fig. 866.—Special Puller Uaed in Removing Number One or Rear Bearing from 

Napier **Lion" Engine Crankshaft. 


Oil Retaining Plugs.—'I'hcse arc lapi>c<l into tlicir ros])cctive .scalings 
in the cranksliaft, u>ing a fairly fine carbornndnin griinhng ]>astc. It is 
es.seiitial that the ]a])jiing be carried on until a good sealing is obtained, 
otherwise difliciilly will be experienced in making the plugs oil-light under 
pressure. Having dtme this the plugs aiwl b(plt ;irc assembled complete 
with both steel and copper W'a.shcrs, and the bole for the split pin for the 
nut marked off. Bebire final assembly the hole for the split j)in is drilled 
and the thread of the Ixilt linned, using soft solder. After tinning, a die is 
run clown the thread api>roximately tw<j turns l»eyond the split pin hole to 
remove the surplus tinning, 'fhe cojiper washers must be carefully an¬ 


nealed Indore assembly. 


No jointing material is used on the tdngs in finul 


assembly. A cojijK'r washer is place«l next to each plug willi the steel 
washer oiilslde of this, 'I'he unts are taken up reasonably tight, and the 
oil holes in the craukpiiis and front plain hearing jouruul are plugged with 
soft copper plugs—copper rivets are suitable fur this purpose. Test the 
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oilways and plii^s to 1(X) i>nuiuls per sc(uarc inch prejisure, nslnj; paraffin 
with a small pro|>ciTti<Mi nf luhricaltit^ oi]. 'I'hcro should 1>c no Icaka^fe at 
all from the (dn|»s at llu?« prcNSun*. When the plnj;s arc c»il-li^rhl ihc split 
pins may he ]nil iiilo [MiMlmn an<l the liKkisl. 'I*h(* eraiih>han fmnt 
end l>i»lt is lujjped u* its scatm^^. Init the threads td the IhiIi must he 
tinned Indore assembly. The mil is liK'ked hv hurrinj,? over the ]>rotrndinj^ 
end of the holt into <»ne of the easlellatioiis on the nut, after oil testing. 
Special s|>aiiiirrs are |»rovidcd in the standard tiHil kit for both the nut and 
the i)o1t. 

Any jdutjs which have hern reino\e<l from a crankshaft must he ex¬ 
am inetl carefully for distortion ami cracks, 'riiey .should he lijjhtly lajiped 
to crankshaft before re-asseinhiy. 

Dismantling Roller Bearing Crankshaft.—'I'he rear main hearing should 
lie rcinove<l first, followed by N'>»s. J, ^ and 4 iH'anngs. 'l*hc crankshaft 
tnnioii is then ilrawii off the shall and No. 5 hearing removed. If the crank¬ 
shaft has run for any ronsideralde length of time it ts essential that all oil 
retaining pings he renuwed and oiKvay.< cleaned tnil. In any event, the 
crankshaft shoithl always he thorotighls cle:ine<l ont when the engine 
being overhauled. A .snitahle form of extractor for the crankshaft pinimi 

ijf sii]iplicd in the tool kit. 

A tool rccoinmeiidetl for use m removing Nos. 1 aii<l 5 iKarings is shown 
in Kig. H66. It may he improvised from a short length of heavy vvaltc<l tube 
having a stout jdate welded on one end. 'fhe inlenia? diameter oi tlie tube 
should he api>ro\niiulely .1/j Inches. A jiart of the wall is cut away as 
shown, .su(lielent to jiennit of its being t>assed fi\er the crankweb. The holt 
should )>c made from a liexagiJiia? har. the end l>eing turned to .suit a false 
center which imi.sl he provided tii fit in the erankshuft recesses. Jn itsc. 
the cup is fdacetl over the end of ific crankwrl» with its rim hearing on the 
face id the inner race of the hearing to he removed, the 1 k>U being towards 
the center i»f tlie crank'^haft. 'Hie IliniKt of the Udt is taken by the false 
center which is jduced in the nvess inime<liately behind the l>olt. 

To remove the split bu'shes from Nos. 2. 3 and 4 hearings it is recom¬ 
mended that two siieeial drifts be niuile uji from steel liar. These arc 
Uniered. or rednce<l at one eml. tfi a rcctangnilar section, ainl arc used as 
imllvatcil at J*'ig. 8f)7 which slmws the operation clearly. I’liosc fiir Nos. 
2 and 4 hearings being ai»i>roximalely }4 inch by inch, and that for No. 
3, inch by mch. 1'his latter conveniently may have a small lip on the 
lower edge to gr) umler the s^dil bush while driving it out. The drifts 
sin mid hi* given a slight bend at a point alnmt two inche.s from the reduced 
end. so that the hatid will clear the crankshaft in use. The bushes of Nos. 
2 and 4 hearing's? must l‘C driven at each end alternately, but the keyed 
half of No. 3 1 scaring bush may be ilrivcn out easily over its wlude length. 
Having removed the keyed half *»f each split bush, the plain half is worked 
round and removed.* The hearings are then threaded off to the rear, the 
method being similar to that employed in assembly. 

Where Nos. 2. 3 and 4 main Iwaring journals arc worn, but not badly 
so, standard sp1it*bushes. slightly smalt in the iHire. may be used tii give the 
necessary tightness id fit. If the wear excee<ls .002 inch/.OO.I inch it is 
recommended that the jotirnals Ik* groinnl either to .OO.S inch or .010 inch 
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undersize, and special split bushes fitted. N<» journal should be ground 
mi»re than .0i() inch inidcrsize. if Nos. I and 5 main bearing journals arc 
more than inch undersize, it is ncccswv either ti* p-jiid llicin down 

approximately .<X)5 inch liehnv size, ami metal flepcisil (hcni, ru-prinding 
to stamlard ^izc, or to I'd a new race, nmlcrsizc tn the lM»rc. 

In all ea.ses where jHissihle crankpins slmuld be laptanl tci clean up any 
irregularities of surface rallier than re-grtanid. In ilio case, however, of 
badly scored crankpins, where the crankshaft is reasonaldy true, grinding 
may lie resorted ii», I ml it is jH»intcd oui that, in the majority »>f cases, 
griiiiling unnecessarily reduces the life of the shaft. In ui» ca.se should a 
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Fig. B67.-^Method of Driving Out Split Spacing Buthingt from Inner Kftces of Inter* 
mediate Bearings Used in Supporting Napier "Lion** Engine Crankshaft. 


crankpin he reduced In nuwe than .OJf) inch l)clo\v size. The foregoing re¬ 
marks ap|>ly ct|ually to the front i»lain hearing jimrnal. If the split hushes 
show signs of the inner race of the hearing having been creeping, they 
shonltl lie renewed, fitting slightly thicker Imshcs if necessary. 

Applying and Removing Anti-Friction Bearings.—Whenever an anti¬ 
friction Kariug of eilher the kill or rulU'T ty|>e Itaviug luirdeiicil raceways is 
in stall eil fir reiiKivet] certain precautions must lie obwrved to prevent clamaging 
the hearing. TIk* foae to move the Karing is appik'd directly against the 
mcmlier which is a force hi on the sliaft. When any fonn of huh or Uariiig 
puller fails to start tlu* meiniK'r to which it is apjilled by a direct ]>nll, it.s action 
may Iw accelerated after the screw has Uvn tighteneO sufficiently to place the 
fViTis nnfler «a ivrtuin initial tension, by a few sharp, well directed hammer 
blows oil the lK*am or main kvly of ilic device. 
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In all cases whtri* ]M>ssil)]e, the jirrssnre a|)))Ite(l to remove a Ivarini; or part 
shcmld be excrtc<l directly against the ix^rtiou that is a tight fit on the shaft 
or in the housing. In most cases it is the inner inemlicr of the l»caring that 
is a force or press fit on the slvifl. the ontrr race imnulKT is usually a push fit 
in the housing and may Ik: more tmsUy removed. If it is ni*ocssAry to force 
the beanng i»tf with a mtics of hh»w-s. always use a brass, aluminum t»r hard 
hahbitt metal Ixir or drift lK.*twmi iIk* Usiriiig and Inmnicr. or even a piece of 
hard maple. hembx*k or cwk. Wood is luit as g<Hxl as melal because chips or 
splinters may gi't intci the I waring. Ivveti wU'ii im'tal is used great care should 
he taken to eliminate die {lossiliiliiy <if melnl (xirticles gilliug into the U’aring, 
csj>ecially when iufitalling. 



Fig. 867A.^^imple Tools for Ball-Bearing Installation and Removal. 


Do IK it ilireel all llie blnws al any one iHnnl on 1 waring as this tei»ls to 
cranij) it and will make it luinler to <lrivi* <ilV. OiMnlmle lliein evenly around 
the entire eireumfen’iiee, alvvavs Living sneeessive blows at ]»oinl*« diainelrieally 
opposite. When driving Iwarmgs in plaix*. it i.v always IwM to use some fonn 
of soft metal yoke nwinlwr or a tubular section j'lw. With either the yoke 
or the other tulntlar form tlw luiminer blows arc ilistributed evenly and the 


1 waring is driven in jihuv vvitlKmt injury to eitlwr sLift tir lx*aring^ tsiiniionents. 
When a double fork uieinlwr is useil. otic end am W made to drive against 
the inner race incmlKT wink* the other can lie s|»rcad enough to fit the outer 
race if desirtxl. 


The mcllMicl of driving nn iiiner race In place sIkiwu at big. A. is recom- 
mended by authorities on Ldf Iwariiig instalhiion. This is a ca.st brass tubular 
memlwr ]»ro]>oriumecl alnait .is shown. Ahimiiiuiu or any other relatively soft 
material will an.sw^*r in ]i)ace of the brass. It is jiossible in nvtny cases to make 
very satisfactory Iwnring inMuIhug meinlwrs of .standard brass pi]ic. Most ball 
bearings have the size nuiuU'r .stuni^wd on the side of the inner race. When 
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inslalHiig Ijearin^^ oi tho gT<H>vc tyi^e always place the unnumbered 

side <n\ fir>rt wl>cii drivuiK l>lucc. 'Hic l«Md shown at H, is recommended 
for remcjvin^ lKarin>(s. The csst*iitial jioinl to observe is to exert a steady, 
uniformly disirilnitetl jmll <m the l>acW snU* *»f the inner nu*e hi j ml ling that 
memlitr o(T llie shaft, histeaii of agqiiiist the outer race ami the Ivills. The 
mcthcM) of o)KTation is very siinjde. the hmer split ring A is placed back of 
the iniKT race X. The sj‘lit ring is lu’ld li^'eiher In* a solid <mter ring B placed 
on its ctrcumferonce Imving holes fj»r tlx* straildle bolls 1), directly over the joints 
in ring A. The oiiUt ring )i is connectetl to tin* cross Kar K hy the two straddle 
holts I). Cross Uir !•’. is stiiijiorinl hy the set screw !•' entering the shaft center 
hole and the Uaring is casdy wit'idrawii fnnh tin* shaft hy tipplying a wrench 
to llw sAt sc rew. 
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Fig. 867B.—Sectional View of Armstrong-S’ddrlley Genet Engine Showing Roller 

Bearing CrankshafL 


Tn taking n]! lust million nlun :inv ty|n* of adjiistahle U'aring is employed, 
considerable jiKlgnient must U* eNcrciMsI in screwing upon the adjusting mom- 
her not to get this nji Vot tightly aiul inijMiM* an injurious end ]pressure on the 
balls or rollers. An cxtx*ss jiressiin* llvil will stress the iKMring |Sirts tlan- 
gerniisly will not make iinieh ^lllTc^e1lce in the resistance wluni tnrneil by hand, 

though when the lo:ul or >veighl must Iw snstniiu**! at high sts*e<ls the resistance 
will he i non'Used iimterially and Uaring cm hi ranee nsluoed in jiroiKirtion. A 
safe rule to follow* is to take n|» the w*e;ir hy MTcwing in the ;idjustMient nut 
enough Ml the “shake** or IcMiseiic.ss will U* eliiiiliKill'll and yet tn*mnt the part 
8up|Kirtrd hy the U'aring In ''spin** for a few rcvohilions wlij n given an initial 
impulse. Many iiic.\t>crieuce«l nKflianics commit tlK error (d adjusting hearings 
of the “take up*' tyjie too loosely. Tlil.s is not desimhle. uny more than fitting 
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parts too tiRhtly U^tlicr is. Always Iwk any adjuslnwnt mil firmly in place 
wlieii iir<>]>(‘r adjiiMiiK'iit lias Urn Mrnrnl 

In som<- i-iiM's tlx- lH'ariii;;s an- nIiimi a<ljiiMi-<l. .\ iminU-r <if iliiii washers 
of shri-l brass may U- iiiu-ri«.sf<l U-lwivii tU- U-ariitu nip ami lU-.n-laim-r cap. 
When taking' down an asst-niMv of this n.iinrc always kirji the shuns ficm any 
Ijearinj; U.x Ioj.tiIht and laRscd for fiitun- idnililk'alion lo insnn- that the ad¬ 
justment made in the factory will U- luamtaiiuil after re-asscnihly in the repair 
sho].. If tlx- U-arhiKs an- I.«.m- for any reason. a<ld thin shims .-iU.tit .OO.S-inch 
thick to tlx- others, until then- is no aiipn-ciahlc lost ittolioii and yet tio binding 
belwmi IktiHiij' |kit1s. 



Pig. 868.—Showing Points to Observe When Pitting Connecting Rod Brtmi. 

Fitting Connecting Rods—In llir nj.nriiu* hkI. which is the form 
g’encrally use*! in aii'ijlntie cn^iiKs, one *»r two Ik.I ts arc employed at each 
si<lc and the cap nm.<t he removed entirely before the hoariiii' can be taken 
off of tlic craukpin. The tightness of tlie brasses arntind the crank])in can 
never be <ie1ermiiicd solely by the adjustment of the bolls, as while it is 
important that these shouhl he drawn up as lightly a.s possible, the bearing 
slionhl ill the shaft without undue binding, cncii if the brasses must he 
scraped (n iu.snre a jiroper fit. As is true of the main bearings, the hori¬ 
zontally sjdit cap form of connecling rod in some engines has a nuinlier of 
liners or shims inlcr|M^scd bet ween the lop and tower portions of the rod 
end. aiul these may Ik* reduced in miniher when necessary lo liriug the 
brasses closer logeJlicr. Tlie general tendency in airplane engines is to 
eliminate shims in eillicr the main nr connecting nxl Ivarings. and when 
wear is noticed ibc boxes or liners are removecl aiul new ones supplied 
though as aviation enginc.s arc commercialized, it m.ny l>e found a<lvisable 
to use shims just as is done in auminobile engine practice. The brasses are 
held in the connecting rod and ca|» by brass rivets <»r screws and are gen¬ 
erally attached in the main Iveariug by small brass imiehine screws. The 
form of Ihix geijcrally ravt»red Is a l>rass .sand casting rich in copper to 
secure goiKl heal comlnctiviiy which forms a backing for a thin layer of 
white brass, liabbitt or similar anti-friction metui though <nt liearings that 
are highly stressed, steel hacks arc used on v«ariou.s modern engines. 
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In 6uing new brasses to connectinjj rods there arc two conditions to be 

avoirled. these l>einK fintliiicd at Fi^. S6K It and C. In the case shown at C 

the light edges <»l‘ (he l>iisliing> arc In contact, hut tlie c<niMeeting rod and 

its caj) d<i not ineel. When (he retaining nuts arc tightened the entire 

strain is taken on the conitarulnely sntall area of the edges of the bushings 

which are not strong enough to wMhstand the strains existing and which 

flatten out <|uickly, iKTimlting the lx*aring to run Kkisc. In the example 

outlined at U ihc edges of the brasses do ncjt touch when the connecting 

r<»d caji is drawn in jilace. 'I'his is wot giH»d practice, because the brasses 

may soon Iktomic loose in their retailling member. In the case outlined it 

is necessary l<i file o(T the faces of the ri»d ami caj» until these meet, and to 

insure contact i»f the edges of the brasses as well though the use of other 

and thicker brasses niav eiuirelv cure the tronlde. This shoiiM be tried 

* 

before the rod end or cap are filed. AImuM the only time the.se must be 
brought closer logether is when craukpins have been ground down to 
smaller si^e hut the best and most incchunical way is to make tip special 
brasses of greater thickness tii fill the s]iacc. In event of the brasses 
ing tfigether before the cafj and rod make contact, as shown at C, the bear¬ 
ing halves should l>c reduced at the etiges uiitd Imih the caps and brasses 
meet against each other or the surfaces c»f the shims as shown at A. 

Sprung Camshaft.— (f the cam*^li:ifl is sprung or twisted it will alter the 
valve timing tfi such an e.stent that the smoothness of ojieration of the 
engine will be materially aftecled. if this condition is siis])ccled the cam¬ 
shaft may be swung fm lathe centers ami turned io sec if it runs out. If 
so it ran be slraiglueiied in any of the usual fi»rm of shafl-slraightcuing 
machines. ^J'lie sliafl may be twisted without being sj^rung. This 
can only be <letcrminod by suiiporimg one end of the shaft in an index 
hea<l aii<l the other end on a milling machine center. The cania are then 
checked to sue that they are separated by the pro)>cr degree of 
angularity. This process is one that reijuircs a thorough knowledge of 
the valve liming of the engine in ijiiestioii, aiicl is best done at the factory 
where the engine was niaclc. The tuning gears should also he examined 
to sue if the teeth are worn emmgh so that considerable hack lash <»r lost 
nioti<m exist.s hcluecii them. This is es]ieclally jmjiorianl where bevel, 
worm or spiral gears arc used. A \\4‘rn tiiiiiiig gear not <mly produces noise, 
but it will cause the lime of openingnnd clo.singof the engme valves to vary 
materially. 

precautions in Pc-asscmbling Parts.—When all of the essential compo¬ 
nents of a powerj)lant have been carefully looked over and cleaned and alt 
defect.s ehinmuted. either by adjiislinunt or replacement of worn portions, 
the motor should be rc-assutnhled. taking care to have the parts occupy just 
the same relative ]k)si lions tlicy did before (he motor was dismantled. As 
each pan is added to the assemblage care slum hi be taken to insure adequate 
lubrication of all new points of bearing by sqnirling lil>ernt tpiantities of 
cylinder oil u|Mm them with a hand nil can or syringe prc»v]de<l for the 
purpose. In adjusting the crankshaft ivearings, tighten them one at a time 
and revolve the shafts each time uwe of the bearing cai^s is set up Xo insure 
that the newly adjusted Waring d<»cs not have undue friction. All retaining 
keys ami pins must 1 k' jKisilivuly placed and it is gooil practice to cover 
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such a part with lubricant before replacini; it 1)ecati5e it will not only drive 
in easier, but the part may be removed more easily if necessary at some 
future time. If nut oiled, rust collects aroniul it. 

When a piece is held l»y more than one l>oh or screw, especially if it is 
a casting: of briUle niaterial such as cast inm nr alinninum. the fastening 
bolls should in: titrhicuc<l umh>rnily. If cuic t>oll is liifhlcncd more than 
the rest il is liable Ut sirring the casting enough to break it. Spring wa.shers, 
check nuts, sjdn pins or other locking means should always be provided, 
especially on parts which are in motion or siibjcctetl to heavy loads. 



Pig. 869.»Sbowing Use of Strsightedge for Lining Up Individual Cylinders on Engine 

Base Before Tightening Down Flange Retention Nuts. 


Before placing the cylindiT coor the t»ision it is imperative that the slots 
in the pisPm rings are spncctl cifuidisiaiit and that I he jiislon i.s copiiiusly 
oiled l>cfc»rc the cylinder is slljn>c<l i»ver il. AVIktc die cylinders are indi¬ 
vidual iiKMiibcTs and not in bliH’k assemblies a.s in the Packard <and Curtiss 
ni2 engines, before the cvlimler retaining flange nuts are Ughlcned down, 
the machineil faces on ihe valve ports against which the inuinfohls seat 
should be carefully lined up by using a steel straight-edge as shfiwn at 
jMg. 86^. When rc-assembling the inlet and exhaust manibdds it is well 
to use only perfect ]iackings or gaskets and to avoid the use of those that 
seem to have hardene*d tip itr ilnlleiied out ti«> much in service. If it is 


necessary to use new gaskels 


it is iinperutive to eiii]doy these at all joints 


on a manifohl. because if old and new g^askels are UM'd together the new 


ones arc ajH to Weep llic iiiauifold from bedding pr*»iKTly upon ihc used 


ones. It is well ti» coat the threads of all Udts and screws subjected to 
heat, such as cylinder head and exhaust manifold retaining bolts, with a 
mixture of graphite and oil. Those that enter the w ater jacket should be 
covered with white or red lead or pi^>e thread compound. Gaskets will hold 
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better if coaled with shellac bcft»re the manifold or other parts are placed 
over them. The shellac fills any irrcmilarilies in the joint and assists 
materially in preventin^j leakage after the jt^inl is made up and the coal¬ 
ing has a chance to set. 

Before as>eiiihliug coniu^ciitig rc«ls «ni the shaft. It is necessary to fit 
the Ijearings hy scni|MHj;. llu* same tnstructions given fc»r reslnriug the 
contour <if the main hearings apjdying just as well in this case, It is ap¬ 
parent that if the crankarc imt round no amount id scrajiing will insure 
a true l>caring. A |>oint to oljserve is li» make sure that the heads of the 
bolls are imhefided .soli<ll) m their |»rojK*r jMi^ition, and that they are not 
raised hy ans Imrrs i>r ]>arlicles of dirt under the head which will flatten 
out after tlie engine lias Inani rtiti for a time and allow the Kdts to slack 
off. Similarly, care shoithl Ik* taken that there is no foreign matter itmler 
the liras.ses and the Ihj.x in which ihe> seal. To guard against this the ladts 
should he slrnck with a hammer seseral limes after they are tighlencil 
Up, and the connecting rorl can he hit .sharply se>er,'d inne.s under the cap 
with a Wooden mallei or leail liaiunier. It is iiuporiaiU lo fasten the brasses 
in jilace to iircvciit movement, as Inhrication may he inlerfereil with if the 
bushing turns round and breaks ilie correct register, between the oil hole 
in the en]> and brasses. 

Care should he taken in screwing on the retaining nul.s (o insure that 
they will remain in place and not slack off. Spring washers .sliouJd not he 
used on cither connecting rod cn<ls or nmin hearing nuts, Im^cuusc those 
sometimes snat> in tno jMcees and leave the nnt slack. The best inellmd of 
locking is to use well-titling split pins uiul castellated mils. 

Testing Bearing Parallelism.— It is not ]H»s.sibte to give other than 
general (lirecticms regarding the proper clegree id tightening for a con¬ 
necting-rod iK'ariiig. luit as a guide to correct afljiislmcnl it may be said that 
if the connecling-ro<l ea)i liglileiu'd sunicicnily so the con nee ling rml 
will just aUmt fall over from a verneal jiosition due to the piston weight 
when the IhiIis arc fully ligliteneil up. the adiusimeiit will he nearly eorreel. 
As previously .staled, babbitt t»r whrie iiielal l»carlng^^ can be set tij) mtire 
tightly than bronze, as the metal is sedter and any high sjsUs will soon he 
leveled d<*wn with the running cd the engine. 1 1 is imt»oTlaiil that care 
be taken to jircserve parallelism cd the wristiiins and crankshafts while 
sera)dug in hearings. 'I'hi.s can be determined in two ways. *rhal shown 
at Fig- 870 A, may he used when the ]*arls are not in the engine assembly 
and when the eonneeliiig-rod bearing is being r»lle<l to a mandrel t)r arbor 
the same size as the erank])in, *riu* arlsir. \\hicli is finished very snioolli 
and of uniform diameter, is placed in lw<» Vec blocks, which in turn are 
suppt>r 1 cd hy a level surface plate. An adjustahle height gaug'c may be 
tried, first at one side of the wristi»in which is placed at the upper end of the 
c<ninecling hkI. then n\ the other, and any variation will he <‘asily deter¬ 
mined hy the degree id tilling cd the rod. A dial indicator may he used on 
the height gauge arm and av ihes<> mas l>e obtained enbbrated in one-tenth 
(d a thousandth of an inch iiiihl \ery accurate ileterminntioiis may 

be made. This test may be made with the wrist pin ah me. or If the tdston 
is in place, a straight edge or spirit level may U* employed. 'J1ic spirit level 
will readily show any incliiiatiun while the straight edge is used in connec* 
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fion with the hci^hl as iiulicatccl. (If nnirsc, Ihc surface plate must 

1)C absolutely level wlicii tests are made, riic s|KTia! jijr or fixliire j^rc- 
v^<Misly dcscrilH*d ami slmwn ai Im^. St»4 is also valuable in lnaknl^ sure 
connect in j;-ro<l bearing's an- jmrallel. Any bent roil shnui<l be viraij^hlcucd 
before it is plannl in llit> en;;me 

When the conmrhny rod^ are bnii^ filleil \miIi llu* crankshaft in place 
in crankcase, aucl that menilKT secured In ihe frame, a stool s<|uarc tnay be 
used ns it is reasonable In assume that llu* wnstpin. and consequiTitly the 
pistol) it carries, shmihl id>ser\e a iruc relation with llie loj) of the cn>;ine 
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Ri;. 870.—Methods of Testing to Insure ParaDeliBm of Crankpins and Wristpbis After 

Refitting. 

bajte. If the ])islou side is at rij^lit angles with the loj» of the engme base 
it is rea.sonaf)1c to iassinne that the wristpiu and cninkpin arc parnllcb If 
the piston is canted to one side or ibe cither, it will indicate that the 
brasses have lieen scrajied tai>ering, which would incnn Ci>nsiderab)e heat- 
ing and undue ffictioii if the pislon ts sn.stalled in the cylinder <m account 
of the jiressure against one jKirlion of the cylinder wall. If the degree of 
catiting i.s not tm* great, the connecting rfwls may he sj)rung very slightly 



1824 


MODERN AVIATION ENGINES 


to straighten up the piston, hut this is a makeshift that is not advised. The 
height gauge shown ;d«^ve may i)c used insteacl of the steel sqtiarc, 

if (lcsirc<l, hecaiise the to]> of the erankeasr is |>l:tne<l or milled true arid 
should )»e parallel willj tlic center line of the crankshaft. 

AligiinieiU is I lie secret of success in any antranotivc engine recimdi- 
tioning joh and that this alignineiil niiisl l>c ruTnjdctc with all jmrts of the 
engine. Ileginning at the cvlnnlcr. or crankcase base, we must have abso¬ 
lute squareness of the cylinder 1 m ires with this line and perfect ]>Hra11elistn 
of the crankshaft with the same hue. Conncctmg-rod pins must V)e parallel 
with the main hearings. Conueriing rods innst Ik* straight ami stjuare and 
the ])islon jdiis t»aralle1 with the crankshaft conneding-rod pins ami also 
square with the .snles of the pistons. If there is lack of alignment or of 
s<|uarcness at any of these jHiints. tnmhle will so<m develop and the life 
of the engine will he appreciably shortened. It is useless to atteiniu to cum- 
jjensate at one point for error at another. l*or example, if (he connecting- 
rod pins on the crankshaft arc not jiarallel with the main Ivarings. the 
squareness of the c^mnecting roils is useless because the connccting-rud pius 
f»n the crankshaft will throw them out of s<|uare. If the c<»nnecting r<»d is 
.squared with the crankcase or the cylinder Imre, the parallelism of the 
jdston t»in and the coiinecling-ro<l hearings is thrown out* All <if these 
piiintH niiisl he given the very chisest attention if troiihle Is to In* avoided. 

Final Inspection of Engine after Overhaul.^lt is rceoinmended that in 


all cases after an engine has heeii overhauled a careful routine e.x ami nation 
of the engine he earned out. and the following schedule is given for guid¬ 
ance hy the makers of the Najner-I.uiii eiig^ines though it is not necessarily 
filial or Ciunpleie and the priK'edtirc alwnvs depends on the desigm id the 
engine: 


1. hAamine all IhiUk and nuts for ttghtne'^s and locking where neces¬ 


sary. 

2. Check cainshafl gear setsrrevvs for locking and camshaft for oil 
])higs ill the ai'i»ropriale shafts. 

I'Aatnfiie valve timing marks on timing grar^; magneto timiiig; 
timiugaiul locking of gas .starter disirihntor ami valve clearances. l^^aMline 
cam shaft casings for presence <»f foreign matter. 

4. See that carhnretor hase plugs are securely wirecl up. 

5. ( heck magneto Indts for lightness and see that locking wires are in 
position. 

6. iCxamine oil .suction and drain connection union nuts. .See that there 
is at least lou inch elear.'ince at hack of lock nut from l>o<ly of union, and 
that nuts arc .secure and locked hv tahvvasher.s. 

7. See that water pump gland and greaser are locked up. 

8. See that there is clearance between distributor cc»vprs and ignition 
advance lev'cr.s on contact breaker ciiver. 

9. See that carburetor stays arc bolted securely in position and that 
carburetor front water pipe is projicrly sujiported by clips. 

10. C heck front <»i] pijie connections ami union nuts for lightness and 

locking, and Ym inch clearance behind nuts. ' 

11. See that a lorkwnsher is fittevl on front bearing oil pipe union. 

12. Check end play in hand turning gear worm shaft. Maximum ,016 
inch. See (hat (he hand turning throw out tumbler has correct tniveh engages 
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correctly, ami does not hind at any ixiim. 

13. Examine majjnclo <lnvc paving jvirtirnUr a<lt*ntit)n to 

the Sf»nnK: driving Kars and semnnp l»olu. 

14. Chirk iiia^netci distnlnilors for scciinly of leads ami iheck low- 
tension calde conneetioTis. C heek nnsadar ino\enient of ina|;ncli» controls 
and contact hreaker covers. 

15. See thill oil relief val\c is hiked up. In the Series 2 type of valve 
the adjnstiiiK screw ninsi not projeel more than -Sm inch. After test see 
that the valve is wired up and, preferahly, sealed 

16. K sain i lie union mils and locknuts on cam shaft oil feed pipes for 
tightness. 

17. See that oil jiressiire j^ant^e union is securely hrkeil hy means of 
tahwaslier. 

18- En amine primer jiipcs for mechanical damage. 

19. C'heck all controls for traxel and s> nclironi?ali<m. and see that 
control levers come on to slops. M:it»ii<*t«*s slumld he fully advaneeil at full 
throttle opeiuiiff. 

20. Check control rod adjusting screws and locknuts. See that all split 
pins and locknuts on controls are in position. 

21. Check end play in control sliafts riie jday in I he rear cross shaft 
must he kept as low as |>ossilde, with (HIS inch as inasimniii. The front 
cross shaft should have .(KW inch/(US null end play. 

22. .^ee that all '^]larkint> pluu'^> mid stiarkin^ pluu h<>lc Idankin^^ plugft 
where fittc*d. are secniT in cylinders and that the copper ashestos washers 
arc sound. 

23. ICxatuiiie 11 1*. Icails am! carriers. See that they arc jiroj>crly .sup¬ 
ported. unil I hat ail terminal clii»s are secure. 

24. Sec that pluu i> fitted to airsctcu .shaft Uirc. 

25- 1‘esl water sysicin to fifteen ixmiids iht M(iiarc inch water pressure. 

26. If enjjinc is to he shared, see that dirt cvcluders are fiUcd to all 
open pipe unions and dust coders to carhurelors. 

NOTEt—Tins imuoiu' slu»id4 in »l] i.W'. lie n'|s*sUisl nUvr an cmbiw lias miniiUitd i\% 

liiial test, itrurt li> (*r Mrint^e 

Test After Overhaul.—The followinjf is an outline of the procedure 
adopte<l at the Works m testing; Natner engines. Where a test lied and 
varialdc hinpie brake are avadahlc, this proeediire may with adcantaf'c lie 
adi>])ted as sl.aiidanl if any extensive cwerliaul of an ent'inc has been carried 
out. 

Test Bench.—The cnjjine bed is of cast iron, fixed on a concrete foun¬ 
dation. A llcenaii iS: Emmie brake is used, the engine being coupled to it 
by a double disc spring steel coniding. A water-ccMded exhaust system, 
leading to a large silencer, is pr<»vi<led. Where consideration.s of noise 
make it iinjierative that a -silencing arrangeinent be provided, the loss of 
power due ti» the exhaust system should in all cases be determined by 
actual expcriincnW 

The fuel fl<iw to each carburetor is measured oil a Brown ^ Barlow 
Flowmeter, ami oil eon sum pi ion is iiicnsured by nieaii.s oi a gauge glass in 
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the oil tank, a known cjuantity of l>cinp j>nurcd into the tank and the 
time for this to l»e c<»n.siitnt’<l netted. 'I'he oil temperature is rc|julated hj 
a r< ml ml led water snjjjily |>assiiij' thruui'h tultcs in I he oil tank. The 
c<H>linj' water for the eiij;ine i.s taken from a lank, the supidy emv 

trolled to ^;ivc the correct miming' 1 cm|K*ralores. An overflow is jjrovided 
(m the tank and an atlecpiau* supply <»f eolil water is nvailalde f<jr replen¬ 
ishing; the tank if the water becomes twerheated. 

Indeiieiulent switches for each inajineto are provided and the oil pres¬ 
sure i;aiit;e is dll plica led. (Provision is made for start lug; the engine by 
inean.s of the ham I starter year. 

Running In.—Run the enj'hic at a .sjieed Ijetween 5tK) rp.m, ami f^()0 
r.p.in,, wilh a b^^djt brake l»»ad. ft»r al lea.sl two hmirs. 'I'he enjfine is iben 
run uj) to full ihridlle, 2.0110 rp.m. and checked f«jr ]*oweT. balance <d (low 
in carlmretnry, fuel consumption and ignition. Tlw* flow should lialancc 
to within •:*“ 2l^ pints fUT choke per hour. The j»erreiUai;e altitude control 
is laketi and the balance of the carlMirelors at this point elicckerb I'he test 
is taken by openfnjj I he altitude coiilrcd e<H*k nniil the engine commences 
tfi blow back tbronsh (he carlniretor.s Tins is tlie luaMtnuni control ob¬ 
tainable at ^^ronnd level with standard jets ami shonbl be approximately 
twenty per cent, the balance liein^ limited to •« 2'j pints per choke, as in 
the firevions Ivilance check. 'Hie maximnm rantje of control may be 
checked by lrtnt»orarily snb**titiiliiitf Inrjjer jet*' as described in the t\v<» 
hours eiulnrnnce test details. If necessary the final balance may be ob* 
tained by reaming tbe permanent air leak tiiU*. Imt this shonhl only l»c done 
after a cbanjje of diffuser has been tried. 'I'he ij^nllion test eoiisisls of 
switching off each nuignelo alternately, with engine at 2,1100 r-tnn. full 
throttle, allowing one minute to elajise. after cutting out a magnetic, bebire 
taking a reading. Allow mu* niiniUe between switebmu in first magneto 
and cutting out second niagnelo. 'I'he drop on either magneto shonhl not 
excee<l five per cent for the 5 8 tf> I coinpresslmi ratio, and sis per cent for 
the 5.0 t(‘ 1 Compression ratio engines. 

Stress is laid iii>on the importance id acennvlely calibrating the jets 
within the limits laid down. i.e.. 460 c/c :t 5 c/c main, and 220/RX) c/c 
± .“ic/c i>ilot. series parallel t\pe jets, or in the case of series tyjic jet.s. 
660 c/c -t: 5 c/c main ami 220/RH) c/c s 5 c/c tdlot. ami also of checking 
the flow by removing the dilTuser base idugs. *i*bc niinimmn llovv for tbe 
single carburetor should be 05 tunls ^ht b*mr and for the double enrbu- 
rctor 205 innls per hour wilh a head of eighteen inches petrol. 

Two Hours Test.—fl) Run the engine at Vodb rated power, i.e., 405 
brake horsepower at 2,000 r.p.m . bir 11.^ mimiles. (Roth the 5.0 to I and 
5.8 to 1 coinprcs.slon ratu» engines are run at 405 brake horscpiovcr for 
iH)Wcr.) During this lime; 

(n) Maintain nil pressure at 5.5 In 60 pounds per s<|uare inch at 
60 degrees Centigrade. 

(h) Maintain <ii1 and water temperatures within the Hniits: 

Oilr 50 degrees to 60 degrees Centigrade al engine inlet. 

Water: 70 <k'grees to 80 degrees C entigrade at engine onllcl. 

(e) Take fuel and oil consumptions. 

'Phese shonhl lie within tbe limits: 

Fuel: 25^^ to 27^» gallon* \kt hour b»r 5.8 to 1 compression. 
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28 iti 30 ^fallons |>cr hour for 5.0 \o 1 coiiijircssinn. 

Oil: (1) With deep cliaiufvr scra|K r rinjjs: 3y> to 9 pints per 
h*»iir. 

(2) With <»l(l lYpe siTajKT Tint's nr oversize cylinders: six 
to lvvcl\e pints ]>er honr. 

(2) At the end of 115 mnnitvs open to fnll thn^ltlc for five luiiuUcs, at 
2.000 r.iMU. and diinn^t this iitne: 

(a) Take brake load and fuel coiistimtition. 

Fuel limits: 

5.8 to 1 conijiression: 2*> ti» .^3 ijallnns jut hour. 

5.0 to 1 Compression: 2*^ to 33 gallons ]ier lionr. 

(h) Check altitude ciMitrol and halancc. 

A re<lucth>n of fned con.sninplioii. as sliowu on the flowmeter, 
of apiiroxiinalely twenty per cent should he olilainahle before 
serious hlowinf 4 hack ihronuh (lie carhnrelors <H*curs, with 
standard jets. For the test of iMaNininin CiMitrol sjiccial tar^ 
jets, calihr.atcd to H5fJ c/c, are fiMod lenijiorarily, the limits of 
c< HI I rid then hein^ 3S jier cent to 37 per cent. 

(c) Chock inaj»;iieto drop as previonslv <lescril»eil. takiinj a mean 
id three consecutive readinjjs. Average (ii^ires fi»r this are: 

(1) Kunnini; on inlet majnicto only: 

5.8 to 1 coinpresHiou: K() r.jnn. 

5.0 lo 1 eoniprcssioii: lOO r.p.ni. 

(2t Knuuiu^ on exhaust niattiictik nttl}*: 

5.8 to 1 compression: -15 r.p ni. 

5.0 to 1 conipressioTi : 05 r.imi. 

(3) Carry out acceleralimt test. 'I'he entjine must open uj) to n<»rinal 
speed from slow running in five seonids without cxces.sivu ‘*lH>p|nng” or 
roiij;h rnnniug. 

{4) 'l ake jjower curve. Keadings of air.scrcw shaft speed ami brake 
load arc taken at steps of 100 r.p.in , at full throttle. fr4»m 2.200 r.p.in. to 
1,600 r.ji.in. and iiji again, redneing speed hv the hr.akc. 

(5) Slow running lest. The brake is left as set for running at 2.000 
r.p.ni . %uth rated jiouer. and the throttle closed to give the slowest steady 
running. This slum Id lie at a s|>eed not c\cee<ling 450 crankshaft r.p.ni. 

On cinnpletion id the iwo-lumr test, the engine is slrip|>cd and an exam¬ 
ination of all conijuments carried out. If the re|ilacement of any moving 
part is necessary a rc-lesl of one lumr is given. If a new major ci»m|>o- 
iienl or white metal lag eiui iK-arlug is lUlcsI. a IwtKlumr re-lest is generally 
given. 'Hie procedure is the same as that for the first two-hour test, dis¬ 
cretion being used as to the time i>f running in. After rc-test. only the new 
component need he e.xamiiied. 

In the case of an overhauled engine which has had no major components 
replaced, a duration test of one hour is sufficient. 

On rehitildintr ihc engine after first test, the haU-honr final test car¬ 
ried out. 

Half-Hour Te^t.—< 1) After wanning through, run the engine at 
imwer. 2,000 r.p.ni. for J5 nmuites, taking corn spouding readings and tests 
to those of the two-hour test. 
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(2) Run at full throttle. 2,000 r.p .m. fur five minutes, taking^ the same 
readings as it^ the last five inimites of the t\v<>*hour test. Where the s|>ark- 
ing plugs are ti» he <lcliverccl with the eiiginc, il Is advisuhlc to remove them 
after tins le.st aincl cNamine them, reselling gaps where necessary. A 
further five mimiles run is then given, full t)in»tl1c p<»wer ami ignition Iwing 
checked. 


Where facilities for carrying out these tests on a variable U)r<|uc brake 
arc nt>l availnhle, the routine given innsl he inlerprcled, and nuMlificd, to 
.suit existing conditions, hut it should in all cases be followed as closely 
as circumstances permit. 

Where an airscrew is to he u'^ed f«*r i)io icsls. it is recommended that a 
special airscrew, calihraled lo nl»sorh 405 brake li<irsepi»n er :il 2.1 XX) r.p.m. 
he used. A curve giving jjower at spee<ls up lo 2.2(X) r.pni. sliouhl lie 
j)rc])arcd for the airscrew, in nnler thal full ihrottk |Kiwer luuv be checkc<i. 

Maintenance of Engine in Stores.—When an engine is to hr held in 
stores ftir any ap[>reciahlc length id lime, il is essential, in i^rder lo inini- 
rnize the risk of cormsion that the fnlhnviiig prcK'e<hire he followed : 

11 is very desirafde that Uditre sending an engine into spares, all trace 
of castor oil he removed and a nuueral oil free from mineral acid eirculaleil 
in the engine instead. Where an eh'ctro-iiiott»r and stand arc availnhle fur 
turning the engine, this may he dtme as follows: 

1. If done inirnediately «ifter test, it is important that the engine first of 
all be allowed to cool, ll is then pul on the stand and ihe motor cuu|iled up. 
As much oil as ]H>s.sihle is drained away from the .sunij) ami t)te drain cocks 
closed again. 

2. Remove breather cap and baffle and fnmr about four gallons of suit¬ 
able mineral oil into the engine. Arrange an oil filter so thal the top union 
is coupled to the snetiim jmiii]) delivery elhow ami the lower nniou to the 
]>ressnre pntni> suction elbow. Rrnnue the plug from the l)ase of the filter 
and arrange a pi]>c from here to the breather. 'Diere is now a complete 
circuit between the .suction and pressure pumps thnuigh the fdicr with an 
<ivcrflow lo the front of the engine.^ 

3. Run tlie cngitie at 2iX)/40l) r.p.m. for fifteen ininulc.s and then drain 
away as mnch of the i>il as iH>ssihle. It is important that the full oil pres¬ 
sure, i.e., 60 pounds per square inch, is reached in this run. To prevent 
<»il pressure rising to<i high, the jui«' frenn the strainer must he large 
enough to get rid of the oil, and so keep the pressure down, or an extra large pipe 
and connections can he fitted, and a e<»ck fitted l() regulate the flow of oil. 
The camshafts and lH*arings should 1>e wij>ed over with a clean water-free 
cloth and sur]dus oil remove<l. 

4. Pour one gallon of clean mineral uil into the engine and run for a 


further fifteen niimile.s; finally draining away uH sirrplus oil. 

Where no iimior is avadable for turning the engine after the lest or run 
is completed, a special run should be given, using mineral oil only, the 
engine being run slowly and the water and oil temperature ])eir)g kept as 
low as possible. 

5. The engine nnisl mov he allowed lo become tjuile cidd. Wash down 


all eantshafl.s and U^arin^s with gasoline and tborc»nghly dry. If a hvateil 
airblast is available, the clrying process slionhl l>c finished with this. 
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6. Spray all camshafU with an anti*nistinff preparation which leaves a 
thin ]>rolectiTi^^ filtn on tlu* tn^alcrl surface, ej;, “Sr»7.ul Aiiti-Kusting Pre- 
para lion,’’ care lunng taken that the whole of each cam is covered. 

If no such preparation is available, the eainshafts must, after cIeanin^^ 
be well covered with uiiiieral oil. 

7. By means of a syrinjre, s<|iiirt about one-half pint i»f mineral oil into 
each cylinder thnmuh the sparking phi>f ludes. In order to ensure that the 
oil reaches the cylinder walls more or less unifonuly, a iioz/.lc having a 
closed ciul should be prepared. Holes fd apjir<»xiiualely yn\ inch <liametor 
may then l>e drilled radiallv roiiml lower iinrl of the mix^le and a few in 
the closed end. the oil thus bein^ <lelivered tii the r<»rm ui a spray instead uf 
as a single jet. 

8. P<mr <me-half pint of oil <lown the oil chute for the airscrew shaft 
front roller and llinisl bearings. 

9. Kcjjlace breather Iwhle and eap, ]j«l dust c<»vers over carlnircliir in* 
takes and oii all o]>eii ]npe unions, 

10. Clean and <lry all bright e.sternal steel work and protect hy means 
of *‘So7or* f»r grease. 

11. Replace camshaft covers, hut these slmuhl be raised ahoul Vin 
from the iiemls by nieans of suitable w<»od or metal packing in i»r(kT to 
provide adequate ventilation for the camshaft castugs. Washers are not 
desirable as jjackiugs. for they may (all, nn not iced. u\Ut the cam casing. 

The engine is now reaily for sti»ragc, but must be covered while in 
stores to ]jrotect from dust ami dirt. 

It is rccotnmended that this procedure, where a turning motor is avail¬ 
able, be carried out at intervals not exceeding four weeks. If the motor is 
not available, the engine must be tqrueil through two or three complete 
revolutions, at least, at intervals not e.xceeding one week. Camshafts must 
l>e examined (Hxasionallv for signs of ci»rros»on, and, if necessarv. cleane<l 
and treated as previously descrilvcd. At monthly intervals a certain amount 
of fresh oil sluiiild Itc sjiraycd into each cylinder and also ]nHired over the 
re<Uicli(JTi gear thnnigh the breather cap, and into ilie airscrew thrust htms- 
ing along the oil chute. 

Ill order to ensure that this important roiuiiie is carriccl (mt, it is rcconi- 
mended that a record In* kept, showing dates of turning, during the time the 
engine is in shares. 

N.B.—When an engine is put into service after a long period of storage 
and maintenance as just described, there will be a considerable accumula¬ 
tion of oil in the cylinders. This oil should be removed as far as possible 
through the sparking plug bosses before a start is attempted. Otherwise, 
the plugs will be **oiled up*’ rapidly. 

Selection of Tolerances and Running Fits. Napier-Lion Engine.—The 
following faille gives Ihc running clearances of the inf»re important com¬ 
ponents of the engine for use in the fitting of new coin|Kjnent8. All clear¬ 
ances are measured on diameter unless otherwise stated. 
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CHAPTER XI-V 

DIRIGIBLE AIRSHIP ENGINES—HIGH-SPEED DIESEL TYPES 


Power Requirements of Airships—Characteristics of U. S. Navy Airships^Disposition 
of En^nes in Dirigible Airships—Goodyear Nonrigid Airship Details—Hydrogen 
at Fuel—Acetylene as Fuel—Value of Water Recovery—Water in Exhaust Gas- 
Water Recovery Apparatus—Steam Cooling for Airship Engines—Development 
of the Packard 1551 Shenandoah Model Engine—Details of Packard Dirigible 
Engine—Graf-Zeppelin Characteristic^Maybach VL2 Engines—Maybach Enginet 
are Reversible—Engines Use Blau Gas—Maybach Mechanical Details—Diripble 
Power Transmission—Dirigible Engine Clutch—High Speed Automotive Diesel 
Engines—Diesel Fuel Supply Important—M. A. N. Fuel Pum|>—Saurer>Diesel 
Engine—Improved Atr-Fuel Mixture Method—Packard-Dorner Diesel Aircraft 
Engine—The Dorner Diesel Principl^^Junkers Aircraft Diesel Engine. 


Power Requirements of Airships.—In coinparison lo their si/.o and 
\vcii;hl. the airship re(fwires nuieh less jMiwer than an airplane would, a*- 
sinniuj' llmt airplanes or other hcavior-ihaii^air craft could he hiiilt that 
would carry the useful load of a diriplhle. The reason f<jr this is ohviuns, 
of airplanes must liave sufficient power lo lift them ofT of the 
earth’s surface. I>c it land or water, and to permit the airjdaiie to climh at 
reasonahle speeds and iake-<dT proiiijdlv. twice the power must he provided 
a.s would he necessary to cruise at salisfaclory speerls, once the airplane is 
in the air. The lift in a diri^ihle airslitji is <»htaiiuvl hv staric means in 
most cases, thoni^li at limes the engines may c«nilril>ute some dynamic lift. 
Ki{jnres ^iven out hy a (ierman airjdane manufacturer for a luachinc of 
about feet sprea<l and 150 feet Uni^rih. equipped with a boat hull to 
accommoflate lOf) passentjers call for a powerplaut c(|iiipmcul of twelve 
500 lu^rsepfueer engines, or a total output of 6.000 horsepower. The cruis¬ 
ing speed of such giant airplanes vtill he greater than that of dirigibles, hut 
the power requirements will he over twice that neetled hy a dirigible 
capable td carrying 100 passengers at a speed of 70 to 80 miles per lumr. 
It is (Umhtfid if (he criiisnig sjieed of giant airplane.s will he more than 
lOO miles ]icr hour because the landing speed always bears a definite re¬ 
lation to the maximntn flying sjieed and the jiroMem of lauding very large 
and heavy airplanes at liigli speed, even on water is a serious one. 

Characteristics of U. S. Navy Airships.—The dimensions, \eeighls ami 
])Crformance characteristics (d the U. S. Navy ZRl (Shenandoah) and the 
Zk.5 (Los Angeles) are shown in the following tallies, which show the 
horsei>owc*r rc(iuircd by each of these craft. The fignires arc taken from 
a paper by Commander (.larland lMih<in* C.C., U.S.N.. entitled '‘Some Mat¬ 
ters Relating to Large Airships” and read before (he Society (jf Naval 
Architects and Marine h'ugiucerH iii Novcinher. b^25. It will he seen that 
the Shenaiicloali. with a total weiglit of ]KMm<ls and with a horse- 

power of L5f)0. less iliaii provided on some iiUMlerii Irimoiur twenty pas¬ 
senger airplanes, had a maximnm air sper<l of 70 miles per hour. The Los 
Angeles, willi 'd gross weight of LS8.()CX) |Hinmls. and with hut 5(X) horse¬ 
power more, or 2,000 horsei>*iwer, was capable of attaining the speed of 65 

183$ 
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knots as a inaxinnim. The efficiency of the streamlinini? of the hull of a 
dirigible airNhiii can be appreciated when one realizes that the cross sec' 
tional area fd i1k* ShcnaiKlouh was 4.H18 s<juare feet while that of the Los 
Angeles is (>A22 stpiarc feet. To attain the speeds nicntionc<l with such 
moderule lujr.Ncpower, the resistance must he re»hice<l to a hnv point. Of 
course, a large re<luclit>n in resistance is due to the cliinitialiou or over¬ 
coming of gravity hy the static lift of the gas in the hull. 



Pig. 872.-«-The U. S. S. **Los Angeles" Moored to the Mast at Lakehurst, N. J. The 
Power Cars in Which the Engines are Installed are Clearly Shown. Water Recovery 

Units May be Seen Above the Side Engine Cars. 

'Pile full speed tliL* Los Angeles is 65 knots, with a fuel consumi)lion 
of 970 jumuds per hour. At tuo-thirds full power, the speed is 57 knots 
and the fuel consumptum is 5^X1 |M»nnds j)cr hour. 

When inflated 95 per cent full with helium lifting 0.064 i)ound per cubic 
foot (corresjH)!! cling t<* 95 petr cent p\ire gas in dr\' air at level and at a 
temperature of 50 <legrecs Fahrenheit), the maximum still-air endurance is 
as follows; 


SiH'isl. kihiK Houf^ Kaunral Milrt 

KS. 37 

57. M 

5,3. 7tl 3.700 

44. 110 5^00 
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COMPARATIVE CHARACTFRISTICS OK THK U. S. NAVY DIRIGIBLE 
AIRSHIPS, THE “SIIKNAKDOAH- AM) THE “LOS ANGELES' 


Air <JiN|)liH'cnKiU nf liull, nilm* Iwt. 

Vohmic of gas cel I-, culiw Uvl .. 

L«nRlli, L*ct ami nicluf*. 

Maximum Iwi untl inclu'K . 

Total bcight, ft^t and iiiclies. 

Engines . 

Total iMifscitowiT. 

Ari'as of lui] hiirfnrv»: 

Horizonlal (2). Mnwrc fcrl. 

Vertical (2L srjiiarc feel. 

Areas of riu]«K*r&: 

H(»ria«mUl 12), scinarc feet. 

VcTtical (2). (ivl. 

ArcJi c>f cross jhtImh, M|Uiirc feet. 


SliriMihItuli 

2.115,174 

fiK()2 
78-9 
92 2 
5 Packard 
1.500 

2,870 

2,2.15 

44r.2 

.i?n 

4,818 


1.4 Angeles 
2.764,401 
2,599.110 
6584 
90'ft 
104-5 
5 Maybach 

2^m 

2,510 

2,510 

457 

400 

6,422 


rOMPARTSfJK or rtHNCrPM. WK.ItiHTS 


95 per cent iiiRhu**! with liciMiin lifliriK 

0f>4 iminid |H 

T cMi f(V*l 



SlmuiKclmili 

(.<<« AiikcIcs 

Items 

vsviisiM. 

Per ccfjl 

Weiaht. 

Per erni 


ids 

isrtfss lift 

issinds 

Itrusi lift 


mj2t* 

2U.5.V) 

1 

f»22 

‘U,n.V> 

25JOO 

576 

Nomli$iH»!UiUlc WfiKlii'^. 

15 9 

16 0 

|)isiK»sJjMv WfiKbK . 


219 

41,770 

26-4 

Tnlul wciiibt*. . 

1 

12*MJUC) 

1 

1 liHtn 

1 

I.SK.tHlU 

lUO.O 


The ncMKliNjiosahlc wciplils iiicliule the crew, cnierpency ralums. fuel 
arul oil fur five Imnrs at criiiMii^^ speejl, an<l lutnimuin hallasl. The dispos- 
a)>]c wcij'hts rcijrcscul the inn.xiuium fuel and oil, t^ver aud almvc tlte five 
huurs’ re.serve, which may l>e carrie‘1 in the jfiveu condition. 

Disposition of Engines in Dirigible Airships.—When more than one 
engine is iise<l for airshi]) propiiNion, they arc carried in jiower cars at¬ 
tached to the framework. In the rigid airshiiis, .^^uch as the Los Angeles, 
shown at Fig. 872, the iK>\vcr car« arc <H-stnl>uted along the length <if the 
hidl, being carrictl at each .•^icle of tlic bag as .shown. Hans for latest forms 
of airships now under con.slrnclu>n in ICnglaiid sh<»w tlie engines carried 
inside the hull anti driving Ihe airscTCws, which are distrilnitctl just as the 
1 ) 0 wer cars are in the present construction, by shafts and gearing. This 
permits mounting the propellers in streamline housings which will he mov¬ 
able so tlie axis of rotation can be changcti to secure thrust in any direction 
and facilitate manvivering the airship. 

Power cars arc distrifniteil along the hull to divide the static load of the 
engines and ixiwer cars ahuig the fninic as well as to flistrihnte the dynamic 
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load or thrust of the airscrews on various members of the hull framework 
The i>osvcr curs arc suspended by streamline struts ami braced by steel 
cables as shoun at 873, which shows the const met Ion and su8]>cnsioTi 
of the Au^eles power cars, us well as showing the overall dimensions 
of a typical imwcr car. The ciisiue.s are Maybach reversible four-cycle, 



*£ 


similar to those use»l in the Graf-Zeppehn and ile.<8cribcd in jiroper sequence. 
While the sectional view.s arc of the after jiower car, the side jxjwer cars 
are similar except for suspension from the hull. The reader's attention is 
directed to the fuel tanks in the keel and the ladder from the keel to the 
C^r so the engineer can obtain access to the |Miwer car. 
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In the semi-rigid dirigibles, such as used by the U. S. Army, the power- 
I>lants arc also earned in power cars, as shown at Fig. 874 and these are 
suspended from the keel nietnher by streamline stmts and bracc<l by cables. 
The power cars are placed side-by-side, a bridge joining them .so the 
mechanics can go from one power car to the other, and a pair of laddera 



is provitfcfl Xu acccs> lo llic keel ineinljer uiid from thence to the 

control car. The cars are similar in construction to those used by ri^d 
dirigibles, care taken to stream line them to reduce their resistance. 

Another reasott why the en|>ines are curried in power cars in (tiri};iblc 
balloons instead of in the inlcrior is because ttie fire ri^k is leasened when 
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hydrogen is used for the lifting gas and gasoline engines are employed for 
power. Of course, helium gas greatly reduces risk of fire and gasoline 
engines may be used. In England, the fire risk is Ui be reduced in the new 
series rigid airships by using fuel oil engines of the Diesel type for power 
50 the plans arc to moiinl them inside the framework and reduce the para¬ 
sitic resistance of the power cars by eliminating them an<l carrying tbe air¬ 
screws outboard on streuniliiicd frames. Under such couditiuns. it is he* 
Ueved hydrogen can be used for inflatiuu withcml undue risk. 



Fig. a7$A,^0oe of the Siement-HaUke Engines Used on the Qoodytzr Airship 

'^Puritan.’* Note Installation on Outrigger Tubes. 


In the G<H>d) ear-ZcpjJclin **l*uriinir* ntpiirlgkl airship, the engines are 
carried by inilriggers from the passenger ami contnd car as sln*wn at Fig. 
874 ami 87.V The Sienunis-J lalskc five-cylimler static rarjial engines are 
carried by simple tubular outriggers and arc provided with a Ueywood 
nir starter. One engine is carried each side of the cabin. The large stack 
shoun projccling into the pro])eller slipstream aft of the engine is one of 
two that are used to direct part of the air blast up into the ballonet or air 
bag used to compensate for variations of gas pressure in the gas bag and 
keep it properly distended. While the engine accessories are shown ex¬ 
posed in the photographs of the powerplant, they are covered in by a 
streamline aluminum cowling when the airship is in use. As will be seen 
by referring to Fig. 87.*' the fuel and air lines, electric wires and tachometer 
cable are attachetl to one of the horizontal bracing struts, but arc ftdly pro¬ 
tected when the airship is in ser\dce by a c<»wding that joins the streamline 
cover of the accesstjrics as shown at Fig. 87b, This view also shows the 
large door giving access to the cabin, which will hold four people. 
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Fig. 875B.—View of the Pauenger end Control C«r of Goodyear Airthip 
''Puritan'* Showing Method of Engine Inatallation. One Engine ia Uied on Each 
Side of the Cabin. Note Air Scoop Placed in Propeller SUpatreacn lor Ballonet 

Inflation. 



M >ro* 

N's 
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Fig. 876.»View of Right Side of Cara of the **Puriun” Airthip. Note Streai^ine 
Cowling Over AcccMory End of Engine and Covering of All Pi^ng, Wiring, Etc., 

Leading fron Sn^ne to Car. 



Pi^. 877.~The Goodyear Airthip '^Puritan'' Showing Genera] Construction and Location of Power and 

Control Car Relative to Hull. 
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Goodyear Nonri^d Airship.—The famous little Goodyear airship, the 
^Turitan,” was put into service durinir the sunmicr oi 1928.’ The “Ihiritan/* 
which is shown at Fi^. 877. has alrva<l> heen Hown several hmi<l red hours, 
has made three trips (o Canada, a mnnher of short io various cities 

in the midtile west am! lu cities on the eusivrn sealurard. The “Ihirilan'* 
is soinewliat larger than the frrst (iocMly<*ar air yacht “Ih1j;riiii,“ havinjj a 
wider criiisiuj; ran^^c. hlulior speetls. ami jjrvater lifting cai»acilv than its 
predecessor, the initial airship the type 1 t» he hmll in America. The 
"Puritan'* is 128 feet hnijc, 37 feel in tiiameter. hohls cubic feet of 

helium, and would he aide fti travel tulles with Xwo passenj;ers ami a 
pilot, willioiit rcftielinj;. 

The latest aeronautic product of (MKjdyear is the first shiji to he con¬ 
st meted hy the (hMKlyear*Xei*i>i*lm Cor]loration or^ani/ed tlirix* uars a^jo. Dr. 
Karl Arnsleiti. f<»nncrly chief eiij»iticer of the (jcrinaii Zeiijicliu coinjiaiiy 
ami now vice-presiclrnt in char^o *d enpiueenni' for thM»clycar-Zepiicliu, 
was in clinrjje td the design ami dovclopment work on the "Puritan." The 
ship has been used eNteiisively U*r experimental juirposes. cross-country 
(lyin^. and the training' of stmiciils in the CiocMlyear airshit* scIumiI at Wittg- 
biol Lake tiear Akron. The ship is powered with two Siemens-Halske 
air-cooled radial motors of recent desijjn. ha'* a lop sj>ced of 58 miles an 
hour and a cruising speed of miles an lumr, with romfortaldu seating 
arran^jctneiils for four i»assenj*cr.s. 

(idoclyear Imilt more than 10() nonri^'id airshi]>s during the jmst 
twelve years and lias recently • started jireliuiinary cmislruetion work oil 
two super ri^^iil naval scouting airships of b,.V)0.0('X) cninc feet cajiacity for 
ihe S. \a\y. the laiyesl air>^lnps so far umlertakeii in the world. Tw'o 
new airships of the same size ami l\pe as the "Ihiiitaii" are now under way 
in the aeronautic w*i»rkshot»s of tiiM^lyear at Akron and wdll he ready for 
llipht in the spring; of 1*>2*>. One of these airships will prohahly he sent 
to the C'alihiruia factory of (ioodyeur fi»r operation <»ti the west coast. 

Hydrogen as Fuel.—Mention has heeii jirevii>usly made td the use of 
lilau t^as as a fuel for airship enj^incs. llydro^ren jjas which is coninicmiy 
used for inflation (fi dinyihles ha* a very hlj^h heating value, (i().0(X) B.t.u. 
|)er poiiml. Ilvdri»^eii has hern used as fuel, it heiiijj; hiirncr] in the entwines 
to t>revent valving the ^as and to c<m]pensute for ihe reduced lift as the 
g'asiilinc is consumed. When cmjiloyrd in this maimer h^clro^en is huriicd 
ill comhiiiutmii with jrasoline, which enables one to utilize its properties as 
fuel, whereas, if used alone, hydroiicn will <letonu1c ami some uioililicalioii 
of existini* engines would be needed to secure the hcM clTects. In the 
United Slates, helium ^s is used fur dirigible itillaLNm and water recovery 
aiiparalus extracts ballast from exhaust gas to inainlaiii ecjtidihrinui as the 
liquid fuel is used by the engines and the airship is lightened. Desintc its 
high heating value, the heal develoi>cd by luiniing gasoline in the cylinder^ 
owing to the amount of air required to bUpjMin Cinnhustion. is very little 
different from the energy liberated in the form of heal w hen onlinary gaso¬ 
line ami air mixtures arc used. Hytlrogcn can ?>e used by having sup¬ 
plementary mixing valves attached to the induction manifolds of the en¬ 
gines niul a<lniittcd tn connectitm with 

smaller quantities of carhiireted air from the li<(ui<l fuel carhurctors, 
Heliutii gas camioi he hurne<l in the engines, in fact, its big advantage is 
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that it 18 not inflammalile. It is much more costly than hydrogen and only 
lifts 90 per cent as much weight fur the same cuhical contents. Hydrogen 
is used ill Kuru|>e hccause there is no Helium obtainable from local sources 
and it has been prorlucetl only in small (fuantilies in Eiirgpcan laboratories. 
This gas is extracted from natural gas found only in Texas in commercial 
quantities. 

Other gases have been propo.Kcd as fuel for airship engines besides 
Blau gas, which weighs about the same a.s air. Coal gas ciuild be used 
and would operate the engines very well. Its <lrawbick is that it contrib¬ 
utes effective lift to the dirigible as it weighs considerable less than air 
and the airship wouhl be lightened as the coal gas was used up by the 
engines. 

Acetylene as Fuel.—It lias long been known that acetylene is a highly 
detonating fuel, and it has generally been assumed that this nia<le it iiti- 
desirable for use with automotive engines. I'rofessor l.utr. points out tliat 
when the mixture of acetylene and air is t(»o lean, there is troulde from 
hackfiring, which is <lue to the same cause as baekfiring through the car¬ 
buretor with gasoline, .such lean mixtures being very slow-burning. When 
the mixture is t<Hi rich there is trouble from cletonation, The the<»relically 
correct mixture which gives complete c<»tnbiisti<m of the acetylene without 
excess of air is 11,9 vohnne.s of air to one of acetylene. However, In order 
to prevent trouble fnim detonation it is necessary to work with iiinch leaner 
mixtures, so that there is at all times a consi<ler,nble excess of air, Accord¬ 
ing to Halier the limiting range of UM'able mixtures is niiietixii volinnes c»f ,air 
to one of acetylene to 32 vohmics of air to one of noivlene. Jf water is in- 

9 • 

jecled into the cylinders iIh* mixture ran lie furtlxT enriclKxl u]i to the theoretical 
jiro|Kirtion of 11.9 voliinws of air to one of atx*tylenc. 

Any ordinary aut*miotive engine can be o))erated on acelviciic without 
material changes, and the only <»hjec(ionablc feature i.s that the inaximuni 
output is somewhat re«luce<l. which is a disadvantage of considerable 
moment in connection with airship engines. There is not the least dif- 
fienhy in starling ihc engine: it rims as regularly as clockwork, responds 
quickly to wide variations in demand, ami tiperalcs with very clean com¬ 
bustion. All of these good pTiqjertics were verified in long trials, during 
which the best operating conditions were a.sccrtained. All at>|>rehension 
with respect to danger of explosion and the unpleasant odi»r of the motor 
fuel was found to be baseless, as these difficiillics can be overcome, When 
it is cunsidcreti that in the case of acetylene the operating costs are a<lded 
to by interest, dejireciation ami maintenance charges on a special generator, 
the conclusion cannot be avoidwl that acetylene cannot possibly compete 
with gasoline under present conditions. 

Value of Water Recovery.—Mr. U. F. Parker, while assi.slant physicist 
at the Naval Academy Factory, Philadelphia, worked out a system of water 
recovery from exhaust ga.s that materially reduces the cost of operation of 
dirigibles inflated with either hytlrogen or the more costly helium, the cost 
of which has been estimated at figures ranging from twenty cents per cubic 
foot to five cents per culnc foot, The hjrintT is probably none too hig^, 
the latter figure is undoubtedly 1 <k> oplinihstic for serious consideration in 
discussing commercial applicatloiiH of airships. Mr. Parker also tovers this 



WATER RECOVERY FROM EXHAUST 1845 


subject in an interesting manner as follows: 

‘ When starting? on a fli^fht, an airshi]> is in approximate equilibrium; 
that is» the lift exerted by the within it?* pas cells apjiroximately equals 
the total weipht of the craft, including the dead-weipht of the ship's struc¬ 
ture, the ballast, the crew, the useful load and the fuel. As the flipht pro¬ 
ceeds, this weipht becomes gradually less, owdnp to the consumption of 
fuel, and the ship becomes Ifplil, If no stcj»s were taken to correct it, the 
first effect would he that the ship would r\>e, and lhi>< would ))c accom¬ 
panied by an exi>ansion of the pas wilhm the cells. These cells are normally 
only partly full l)ut. with increase in altitude, a point is readied where the 
confined pas cxiiauds uiili) it ctmiplclcly fills them. This is known as the 
'pressure heipht/ Any further expansion would euuse increased )>rcssure, 
which is avoided by provitbnp aiitoinatic vahes that permit the cscajic of 
pas umlcr sliplil excess pressure. 'Diereforc, with the buniinp of fuel the 
ship w'oubi rise t(» her i>ressurc heipht ami p:is Wimid pra<[ually escape 
throupli the aulotnatic valves. Actually, the ship wfmhl be kept at what¬ 
ever heipht it was desired to fly her !>y usinp the devator.s tt> kecji her nose 
pointed dr>wuward. tluis balaiicmp the excess lift by nepativc 'dynamic 
lift,’ due to the air j^ressure on the lop of her hull that tends to force her 
down, 

"On short flipht.s, this cxpc<licnt is satisfacUiry: and it is even possible 
to land a ship coii.si<leral>ly liphl bv drivinp her dnwn in this fashion until 
the landinp party has her in hand, t'iuisecpieiitly, on ships mukmp short 
fliphts only, this Hphtness is iii»t a matter <»( much coiieern; but, on lonp 
fiiphts, conditions arc very different. It fapiilly becomes iinpossildc to 
maintain ctjuililiriuiu by the use of the clcvat<»rs, and bflinp pas has to be 
valved. With hydropen, this is not serums, for the pas is cbeaji and can 
be rei'laced when the .ship reiurns t*> her base. 1'his proce<lurc, however, 
cannot be adopted w ith helium because not eiiouph of the pas is available. 
Even if cuouph were available, the Ci)st of i>i)eratinp with it oii bmp fiiphts 
withoul special measures to conserve it >v<jiild bo excessive. C)n the Shen¬ 
andoah, o}>craliup at cruisinp speed, wilh five eupines at 1,2(X) r-]).ni,, this 
cost would be $1,000 per hour as.sMniinp that the heliuui cost thirteen cents 
per cubic fi*ot, I'his is a very conservative fipure at present as it repre¬ 


sents merely the cost <»f iir^Klueiup the pas plus an allow ance for lransj>ort- 
inp the heavy cvliiulers to l.akeliiirst. K.J . but it iieplccls all (overhead 
charpes. Ultimately, it may be jKissiblc to pci the cost down to five cents 
per cubic fool; but. even at this fipure, it will still be necessary to prevent 
its waste by old methods of o|>eration.** 

Water in Exhaust Gas.—The i»oint to note i.s that for t'vrry 100 pounds 


of gnsofiitc humed, 145 pounds of tiidrr is prrsntf in ihv cj lumsf. I his quantity 
varies somewhat with weather concliiions and also with the composition of 


the fuel- For pasobno. 135 pounds can be set as the luiiiimum and 150 
pounds ns a fair maxinuiin: but, with other fuels, the aiiumiit of water 
formed may be preatly different. Thus, wilh benzol, it is only 70 pounds 
and. wilh alcohol, 115 pounds. The w'atcr exists flr>l as fop. which cannot 
conveniently be c^dlectcd. However, as this fop moves aloiip in the super¬ 
saturated atmosphere, the imrticlcs coalesce to form water-drops so that, 
at the exit, probably 75 per cent is available as liquid, 'rhe remaininp fog 
can be rendered available as water, by mechanical means. So much for 
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theory. The prcibleiu resolves itself into a straightforward cooling pro|>. 
osition which, at first si^tlit, seems not very difficult. The most obvious 
thiuj' to do apiicars to he Iti apidy ste:im*c<mdenscr practice, usiii^^ cither a 
surface nr a jet coudetuser. The coiulitinns, however, dilTer from those met 
with ill steam condensers in imjHtrtnnt particulars. 

Water Recovery Apparatus.—The ajjparatus finally evolveil hy Mr. 
Parker and his assistants con^^sts of a lar^*e iiiinil»cr of uhiininuni tuhes 
fitte<l into east-aluminum headers tliat, in this case, sctn'c to change the 
direction of the exhaust (hrouj;li appnixinialcly IW dcj^rees every five feci. 
The exhaust i;as Is first direi-tecl from the exhausl-porls into a manifold 
of iionual Ci Mist ruction A> the en^^iiic is tiUafly eiu*lt»M*d vvitliiii a car, 
sjjccial means arc iieccssarv to cool ilic manifold, and it is covcrcil with an 
aluinituim casing provided with nu iulakc sciKip to direct air throii^^di tlic 
casing'’ and over the manihdd. A cut*oul is provided on ihc inainfold, con- 
.si St in merely of a branch pipe with a phijj screwed into its eml so that, 
oil the removal of the pln^'. the eni'iiic can be oiieraled while o\haitstinjf 
direct to tlic atinosjihere. anrj the c<Mideiiscr put out of action. 1**or normal 
o]ierati<Mi, however, the exhaust flows through the inanifoltl proper to a 
flexible connection to the condenser entrance. I'lns is nccessarv because 


tlic ciMiden.scr issnspenrh’d directly from the hnll. ami ihc cars move almost 
one inch from their stati<jnary jiosition when subjected to the llirusl of the 
pr<»p(dlcrs. From the c<»Mdensers the water recovered is pniupcil to )>aHasl 
tanks as rci|iiirc<l and when in excess, any desired ainoiint may lie released 
to trim ship. 

Steam Cooling for Airship Engines.—‘J*A:ij>oialive cooling (steam couF 

inj;) will l>c used for Ihc enn'iues of the RUU, one of the two new llrilisli 

airships, and a descripliiMi id Ihc svsicin was ^i\eu at the recent meeting 

of the llnlish A.ssocialion for I he .Advmnccmeiit of .Science liy VN ing C *oni- 

inaixler Cavc-lh*own-C’avc. The airsliiji will he lit led with heavy <iil engines 

huilt hy Win. Heardnaire C'o. 'I'he engine cyhinkTs will Ik* liMcil with water, 

but the heat ahsorlnxl hv the water will Ik* carrhxl a wav as the latent heat of 

* • 

a Ciinijiaralivcly small weigh I of .steam. The water is circulated through 
the cylimler jackets and if* nlvvayv at the hoding point. .Since ni the iionnal 
water cooling svstem the lieat is carried away to tlu* ra<liatt»r in the form 
of .sen.stide heat a verv material .’►aviiig can lie elTeclerl in the amount of 
water which inusl be carnecl. 

Owing to the fact that the Mcain conveying llie waste heat is so liglit, 
it is fios.sl))le to use some of the most ciTeclive parts of the outer cover of 
the airship for heal chssi|>atioii and to make the heal-<(issipaling surfaces 
themselves of a form wliicli would be <|uile im|K)S.Mble if water were used 
as the licat’dissi]>aliiig medinni. The system was applied to an experi* 
mental mi it at the R<»yal Air'^hij* Wiirks. and a very similar ajiplication 
was made to the power unit wliich is imderg^niig tests prior to installation 
on the KIOI. Various lyj>es of aircraft engine have been fitle<l with this 
evaporative cooling system and developed full iKivver without inodirrcalions 
in the engine. 

Development of the Packard 1551, Shenandoah Model, Engine.—About 
six years ag<i the Navy l)e|>arlinent started laying <hwvn the plans for a 
giant dirigilde wliich was to re|»rescnt an iiui>ortaut slcji in advance over 
all existing tyjics of the ^e|>pclln rigid airship. The work <>£ developing the 
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powerplants for this air monger was ciitrusted to the Packard Motor Car 
Company and a set of siwcificatioiis was drawu up which insured the de¬ 
velopment of an enj;ine far Miiwrior to any yet )»rn<liKed in the United 
States for this class of >rr\ ice. Relialiihty. <lurahili(y, ecniioniy, and li^jhl 
weight were the charactorxtics dcsirc<l in the order given. Kxlreinc light 


weight was not nearly as inijMirlaiit as i( might at‘]»ear on the surface since 
a sligditgnin in economy at some eviieiise of ueiglit c<mld easily result in a 
larger cruising ra<hus. for after all it was <»ne i>f the principal aini.s in the 
ilo.sign of the cliriglldc to obtain the greatest (lossible crnisfng range, (luis 
enhancing^ the utility of the airship ittr naval pnrposo.s. The w eight of fuel 



Pig:. 878.<»Packard Model 1551 Engine Used in the U. S. S. **Shenandoah.*’ Five of 
These Engines, Aggregating l.SOO Horsepower. Were Used for Power. 


to be carried anionntc‘l l<i nearly four times the weight of tlio engines and 
every possible clYorl was eNpeiulo<l to iditaiii the last ounce of jlower out 
<»f the fuel. The net result was that in a 300-hoiir enclurance test of this 
engine a world's rectird fur ecoiioiny was made, loss than .45 pounds of 
fuel per brakc-horse|»i>vver per hour being coiisnnieil. wliich represented a 
saving of alxuit ten per cent of fuel as Ciinijiared with the results achieved 
with other engines <>vcr .similar tests. This meant that for the maximtini 
cruising range there was a clear saving of 2,000 imunds in fuel, or what 
represented the weight of tw<i engines 

However, the ^UVhour emlnrance test of the Shenandoah engine was 
not tlcslinecl to f>e the only gruumi lest of the.se engines before the ship 
made its maiden tlight. One of these engines was installed in a fast speed 
boat, Miss Miami, and fur two seasons was Mihjecled to gruelling te.sts on 
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Lake St. Clair at times in motintainous seas which tested its reliability and 
operation at extreme anj^les. Not a single fault developed and yet still 
other tests were devise<l by the Navy officials in their praiseworthy attempt 
to Insure the very finest possitde result in the powendants of the Navy’s 
pride, the Shenandoah. Each of the six engines used in (he airship was 
installed in its ixnver car complete with all its appurtenances, such as gaso¬ 
line, cooling, luhricution, clutch :in<] reverse gear, engine tclegra])h. and the 
numerous other .systems necessary to make the |>ower car a complete oper¬ 
ating unit. 

The jMiwer car was then suspended from the r<K>f of one of the giant 
seaplane hangars at the IMulailelphia Navy Yard. Directly in front of the 
|x>wcr car a Liberty mcUor was mounted with its pn»pellcr directing the 
Idasl over llic radiainr and forward end of the Shenamloah power car. 
With this arrangement it was jKissiblc to <luplicate conditions obtaining in 
flight, the air blast from the Liberty nmtor representing a forward speed 
of abtml 40 miles per hour. The Shenandoah engine.s were each given a 
24-honr nimslitp endurance run and not only the engines but the complete 
power cars were tested out In this manner. The result was that when the 
engines were finally installed in the ship they ba<l been t>ri»ven out by the 
following scries of tests. 

(1) Original 50-hour acceptance test. 

(2) 30t)-honr endurance run. 

(3) Hundreds of hours of marine service i»n Lake St. Clair. 

(4) 24-hour power car test.s at ]*hiladelphia. 

A centrifugal type pump is Used on the Shenandoah engines and the 
famous Packard tberm<»s(iit contrtd is usc<l to regtilatc the temperature of 
the water automatically, thus allowing of pnunpt gelling under way and 
rconoinical nniniog at the mo.Ht efficient temperature. The cnl jnmips arc 
lc»cated in the sumj) in the Shenandoah engines atul are arranged to be 
removed easily. An inspection of the engine will .show that all accessories 
have been arranged with a view to readily hantlling in a power car. A.s a 
matter of fact, accessibility was a dorninating re<|uiremcnt in the ilesign of 
the Shenandoah engines. For example.•it is pcissible to remove any one 
cylin<ier without disturbing llie atljacent cylinders or the manifolds. As a 
matter of reci^rd. a cylimicr ha.s been removed from one of these engines, 
the ])isUin insj>ected» an<l the cylinder replaced all in 40 minutes time. C)n 
the average marine engine of this si/c .such an operation would rc(juirc 
at least several hours labor. 

Details of Packard Dirigible Engine.—The Packard dirigible on glue, 
which i.s show'll at Fig. 878. is known as the Model 1A1S51 ami is rated at 
a normal output of 337 horsepower at 1.400 r.p.m. There are six cylinders 
in line having a bore of 6.625 inches and a stroke of 7.5 inches giving a total 
displacement of 1.551 cubic inches. The compression ratio is 6.5 and the 
dry weight is 1.060 inninds. The weight per horsepow'cr is 3.15 pounds and 
the normal brake mean effective pressure is 122.9 |>oiinds per square inch. 
Individual cyltmlers. built u|» of steel forgings, have sheet steel water 
jackets welded on. A box section t>']>e crankcase is parted horizontally at 
the crankshaft center line. The shaft is an alloy steel forging of the six* 
throw seven-1 waring type and is bored for lightnes.s and to provide passage 
for the lubricating oil as shown in sectional view at Fig. 879. H section 
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connecting rods have oil tubes to conduct oil to piston pins and cylinder 
walls. Aluminum alloy pistons of the die cast trunk type with relieved 
piston pin bosses are used an<l are fitted with three rings above and one 
below the piston pin. Each cylinder head is provided with Xwn intake and 



two exhaust valves. Each set vi valves is actuated by yoked rocker arms, 
separate exhaust and intake camshafts being provided, one at each side of 
the engine. Triple gear oil pumps are used in connection with a dry sump 
lubrication system. The mixture is provukd by a Sironibcrg NA*ZD5 with 
back suction mixture control. There arc fotir sparkplugs per cylinder and 
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ignition is by two Dcico six cylinder duplex systems. A twelve volt con¬ 
stant current type generator running at times crankshaft sjiced is used. 
The engine is govcnie<l by a centrifugal type governor and holds the engine 
speed to less than 1..S00 r.p.ni. and as it works in connection with the oil 
system, the governor will slop the engine if the oil pressure gets helow' 
25 p<nmds jier s<|uare inch. The eng me has the following performance: 


Maximum brake lK»r.scp(»wcr at ].4(N^ r|»ni . . . . 

Nc»rma) raic<l brake l»<>rsvpnwcr sil ].44K> r.|im. 

Maximum fuel omMimnUou at 1.4411^ r p.m. iitinnal rniol lip. 

Normal fiu*] at l,4n<t rpin rated hp . 

Maxiniiiin oil i'liiisnmirium .*)! 1.44X1 rpni r.itCfl hi> .. . ... 

Normal nil ul 1.44X1 rpm raiol bn ... 

Wl. of cni?iiic coiu|dctc ihrliMliiiu iiwiriimi*ni Iwisird aiHl luiid sUMtT 
Wrighi of waUT in citrine. 


350 

.VH) 

m./n.)ip./lir. 
4.5 m/H.1in./lir. 
(M Ib./K-hp/hr. 
(U 111 /K bp/hr. 
1.1(10 lb. 

.54) lb. 


Ignition wire coodud 


Magneto 

light 



r -1 


Air starter pipes 


Flywheel 


Fig. 880.—The Maybach-Zeppelin Engine ol the Type Used for Dirigible Power. 
This is a Four-Cycle Twelve-Cylinder *'Vee** Reversible Type. 


Graf-Zeppelin Characteristics.—TI k* tiiaf-ZcpiKdiii wns designed for 
pus.^engcr and mail svrvu'c on hmg dislatict* routes. It has a hull of stream¬ 
line form, free from parallel section. 1'lic mam frames are 2K snled |x»ly- 
gons .spaced fifteen meters njmrt with two auxiliary frames hctwceii each 
main frame. 'I'he main frames are wire braced in their own plane and 
king-post tnis.^ed. I loth frame and longitmlinal girders arc of triangular 
section, but with circular section lioouis in place of the original Zeppelin 
open angle-section. Tbe four bottom sides of each ]iolygonul frame are 
reinforced hy a keel framing system. The Graf-Zepjn‘liii has an over-all 
length of 772 feet, a maximum diameter of hull of ICX) (cct. a inaxltnum 
height over-all of 110 feel an<l a cubic capacity of 3.710,(XX) cubic feet. 
It waa designed fur a gross lift of 107 tons with a pay load of fifteen tons 
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in ddclition to a crew of 26 an<1 fuel fur 6,200 iiiiles travel at a cruising^ 
speed of 68 miles per hour, though its maximum speed is 80 miles t>cr hour. 

The Graf-Zeppelin, which coinjdeted its trip from Germany to Lake- 
hurst, N. J., on Octol>er 15, is iK>wpred by five twelve-cylinder, 5.S0-hor8e- 
power Maybach-Zeppcllii VL2 cugiiivs which are Inmscd in individual 
jxjwcrcars slung bviicalli the hull in such a way that the propellers escape 
<»nc anoiher’s hack wash. 1‘hese engines vveigdi 2.450 poimtls each, and 
the aggregate 2.7S0 ]w»uikIs gives the ship a cruising siwed of about 72 
miles per hour in Mill air, a lop siK‘cd of alxml 80 miles per hour, and a 
cniising radius of alMutt 6,100 miles. 



Fiff. 961.'—Three-Quarter View of the Maybach-Zeppdin Dirigible Engine Showing 

Air Starter Distribulor and Engine Control Levers. 

Maybach VL2 Engines.—'riie \'L2 engine shown al Eigs. 880 to 883 
inclusive, is a <Ievelc»|iineiU of the Maybach-Zepjndiii engines in the U. S. 
Navy's Los Angeles, liiiilt in (iennauy in 1**24. That type produced 420 
horsepower at sea level and 400 al the altitude of Enedrichshafeu, at 
L400 r.pin. Owing to increased ciunprcssion, the use of alumimun pis- 
tcuis niul carhurelc*r nlteraticnis, the \*l.2 develops 600 hor.scjxiwer at sea 
level and 550 at Eriednehshafen, at 1.6(X) r.p.in. While lightness is the first 
consideration in an airplane engine, fuel economy and reliability are more 
iinportanl in an airship engine, liecause im long cniises. such as the Fried- 
rIchshafen-Ncw York flight, an airship engine may run as long as 100 hours 
without stopping. If It i.s more cflicient, the reduction in the amount of 
fuel that has to he carried will more than offset its greater weight. Whereas 
most airplane engines requires an t>verhauliitg after 300 hours' flying, tests 
made on the Vl«2 al I'ricdrichshafcn indicate that it will need minor adjust¬ 
ments only once every 1,000 hours and a mujor overhauHug every 2,000 
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hours. This longer life is said to be largely attributable to the use of roller 
bearings. With the exception of the piston pin bushings, all shaft bear¬ 
ings are of the roller type. 

Maybach Engines Are Reversible.*—'Another important quality of an 
airship engine is direct reversibility. An airship is handled much like a 
steamship. Its engines must at time.s go astern so that the ship may moor 
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or land, as a steamer docks. In previous designs this was accomplished by 
reversing gears between engine and propeller. These ai^ objectionable, 
however, Iteeause they add to the weight, require longer and heavier power 
cars, and arc the cause of frequent trouble. The VlJ2 engine is capable of 
running in either direction. Shifting the camshaft changes the timing of 
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the 36 overhead valves, and this constitutes the reversing operation. A 
compressed air starter cranks the engine in either direction. 

Perhaps the most significant advance in the Graf^Zeppelin over previous 
lighter-than-air craft lies in the interchangeable use of liquid and mscous 
fuel (gasoline and Dlau gas). The use of gaseous fuel in an airship offers 
great advantages. Carrying gaseous fuel is solely a question of space, 
weight being a negligible factor; and inasmuch as the head resistance of 
.streamlined air5hi])s does nut increase in direct proportion to siae, an 
appreciable increase in the cruising radius has been brought about. Fur¬ 
thermore, if the ship had to carry large quantities of liquid fuel, its structure 
woiibl have to be considerably stronger and heavier. 

Ordinarily an airship carries a great deal of water l>atla.st, which can 
be dropped if hiinyaucy is hist during flight. The Graf-Zeppeliii carries a 
quantity of gasoline (eight tons) instead. As .soon as tt becomes necessary 
to lighten the sbiii. the engines arc suitrhc<1 to burn gasoline. 

Engines Could Use Blau Gas.—lUau gas is an industrial gas which has 
been usc<l in Germany, for railway coach lighting, (or harlior buoys, etc. 
Gas oil (a ]>etn>lcum fraction) i.s used as a base in the manufacture of this 
gH.s. The oil is subjected to inc»d<.*rately high temperatures in retorts and 
i.s tbtis CTackc<1, and the ga.s pmdiiced is then scrubbed and washed, that 
is. freed of its tarry material aii<l entraine<l carlnm particle.s. The gas is 
then cooled, and when it is to be used for industrial purposes it is coni- 
pressul to the liquid state and placed in steel bottles. It contains a large 
linqmrtion <»f un sal lira led hydr<Karlx>ns. which makes it particularly suit¬ 
able for use in internal-combustion engines, as these have pronounced anti- 
detonating pro]>crtics and jiermit of the use of high compression. The 
specific gravity i>f Ulau gas varies l>ctwccn IXW and 1.08. Ueing slightly 
heavier than air, the ga.s flows to iHfc mixers by gravity. A .slightly greater 
weight than air is an advantage also in that the loss in weight with con¬ 
sumption of the gaseous fuel tends to compensate for the loss of buoyancy 
due to leakage of hydrogen (or helium). 

'J*hc VI-2 was adapted to gaseous fuel by making the throttle valve 
shafts of the Maybach carburetors hollow. There arc four at the.se carbure¬ 
tors per engine, one ti> each three cylinders. From the Imgs containing 
the fitaii gas. pipc^ lead into the valve shafts. An adjitstincnl valve con¬ 
trols the fl(»vv of gas according to the throttle |Hisition. Another valve, 
inserted into the gas fecil lines, permits a change from gaseous to liquid 
fuel or vice versa in a few seconds without stupping the engine. 

The s|>ecific cousiiuiption <»( liquid fuel at full load is said to average 
0.451 ptmnds per hursej«>wer-hour. 

Maybach Mechanical Details.—The crankshaft which is shown at Fig. 
884 turns un seven main roller bearings and one combined main and thrust 
bearing. Lubrication is by spray. One oil pressure pump and two scav¬ 
enging pumps are provided, one of the latter at each end of the crankcase, 
so that the drainage may be caught at whatever angle the ship may tilt. 
The VL2 is a Vec-ty|)e engine and water cooled. There are one intake 
and twii exhaust valves per cyllmicr, these being operated from a common 
camshaft between the banks of cylinders. Two Robert Busch magnetos 
are carried for ignition. 
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The twelve cylhul^rs are urranpecl al an an^le of fiO degrees, in two rows 
of six cylinders each. Opposite cylinders arc slightly staggerecl to permit 
two connecting rods to work on one crank pin side liy .side, intake and 
exhaust valves are provnltsl for each cylinder. These valves arc actuated 
hy jjushrods and rocker arms front t»nc camshaft. Pistons are cast from 
a special light nicial alloy and they carry four pi.ston rings i»vcr the pin. 
H'he cimnccling rods arc dr4»p forged in one piece ami carry the Maybach 
]>alented ndler hearing asscnihly—the most iTn{H>rtant feature <if the motor. 
This feature insures many thousamis of hmirs t»f service without replace¬ 
ments. Tlic complclc connecting rods arc slipped over the crankshaft from 
either end and seenrcil in jdace hy a pair of split Till pieces and two nuts, 
'I'ltls cimslrnction is shown at Pig. 88S. 



CRANKSUATT ASanOLY 
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Pig. 884.—The Cranluhift end Connecting Rods of the Msybsch VL2 Airehip Engine. 

Note Anti-Priction Bearings Throughout. 

The hearing itself consists <n' an outer race in the cimnecling rod. eigh¬ 
teen steel ndim held m idace hy a linmzc cage, an inner race, and two 
split rings n Inch are pressed onto flic rollcr.s from the otitsi<le hy fourteen 
spring jiackages. Tln?> alUovs them to roll, at all times, nndcr the influence 
<d the centrifugal fierce devclcnH*d hy the rotating K'niing assembly. 
'J'lu^nmgh oiling of the conneding-rod hearings is dTected hy means of oti 
calehcrs which take their oil from jets and feed it Ut the hearings thnnigh 
large openings. i Sec illnstralicm.) 

The crankshaft i.s a single piece of steel dro]) forged. It is machined all 
over, carefully balanced, aiul sip^ported by seven strong ndler hearings in 
the ipiper half of the crankcase. Counterweights are .strajiped to the throws 
of the crankshaft as shown in the ph<jtograi>h. The camshaft and magneto 
drive is worked by two gears on the after end of the shaft. These gears also 
drive the cnl ]>re.sstirc ]Hnn]i. the two oil scavenging pumps, and the water 
eirculaling ]mmp. The oil pumps arc located in the lower part of the crank¬ 
case while the \taler pump is attached to the outside of the case where it is 
conveniently accessible. Tlie <h 1 pumps have a cleverly arranged double 
set of dog clutches that u]>crate alternately when the engine is ntnning 
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either forward or in reverse. These pumps can be removed easily without 
removing any part of the engine. The greatest weight reducing factor of 
these motors is in the successful elimination of reverse gears. The revers¬ 
ing of these motors is accomplished by tlie shifting of the camshaft which 
brings a difTcrcnt set of cams into o]>eration—thus these cngine.s can operate 



in opposite directions with the same speed and power* whereas there is a 
loss of power through reverse gears that cannot be avoided. 

Electrical starting devices are not satisfactory on engines of this size 
and power. Therefore* an air starting system has been designed and 
installed. It consists of a distributor with two cams for forward or back* 
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iMtalUtion Layout of the Maybeeh-Zeppelin 480 Horsepower Revereible Airehip and Marine Enpne Type VL2 
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ward Rlarttnp^, six airlines, and six auttunalic self closinjj air valves on 
each of Uu* six cylinilers on imc sicle of ilic A lwi»-stage air enm- 

})ressur, at I ached 1 (j the forwar<l end of the tnoOir. res lores the air in the air 
hollies. 'This coiiijiresMir is contr<»lled hy means of a liaiul lever clutch. 
'l*he njnuT half of the crankcase shown at hhj*. HS5 shov>s a very sturdy 
tlesiffii ill lhe seven main lieariu;^ winch carr\ the crankshaft, 'riic holts 
carryiii>f lhe main hrariiij^ run ii]» through ihe li^ht mc’ial alloy caw lo the 
loiH^lakin^^ all slrain olT the casliiur. All au.xihary machinery like the 


fresh water circnhitm^ tmTii|». mn^^oieto le\cra^ce for a<lvancin|' and retard¬ 
ing' the sjiark. reversing', slariin*', etc., are integral parts of the jimtor and 
assemhle<l to the iipiuT half <d the crankcase. MamfoMs, lea<llup from the 
hrealhers of the crankcase to the air intakes of llie carhnretors. lake cure of 
the e.sliauslin^ of the oil and fumes from the erankca.se. 'I'his is a jjoint 
of vital lin)H»rlarice in the ciH«lin^ of reciprocalni^ l»arls and in freein)^ the 
eiipne car of all oil fume'> ami smell. 'I'he installation ilraum^ at SK6 
l^vrs the main ilinieiisioiis of the inunne Ivpe Max hadeXepjieliii nuitor 
hilt this is jiractically the same as the \ I.J used for tlie < »r;if /epjieliii and 
other airslujis 


SPIH IKU ATIONS MWh.VMf \lkSfllP M(iTt)k 
Wviuin ot otiii|0ci(* niMiiir. Hi. 4X11 IimIh'|uovi r. i1l5^ 

iiitih iiirlii's V) tiiiilrr <Ji«i«1.u nm 111 
NiimiIh’I Ilf I'xhiHk’rs, 1,2 

iiulus 

Slriikr, 7'ii iiicUrs 
tliiis«»|ii.wct at U I' M . 4>«> 

I’lii'l roiisiiiii|ilMMi fmiii tl45 l<i li.SI lli \*i'r lim•.(‘ ih.uit an hour 
W ridII 1H*> hi»rs4*|Hiwri. 4 57 ibmihiIs 
4tl 1i<irs(’|Hi\vi*r jH’r 4xhmk*i 

2 Ktitiiri J.iimIi \2 in<<Kisii** oiKTaonc m ndier dircnum 
2 llhlK^ |HT l yliiiiK'r. K«4irn l.ioli h|ii* Uilc 
5'.' valliMis Ilf frx'sli waUT iii ovtlini* sssinn 

TIhtttuI iRicniiiy. 

1 nitakr valve ini e.stiiiiler. i(i5 uk'Ik’s (Iianxelei. 0 5.1.5 inch stroke 

2 vxhaiisl x.ilvts pel cvliiuhT. I’’2.1 iihIu*s dumrlei. 02.5 Mri'kt; 

4 |Ki(ni1 Max I Kid I ailiusiahir livi’iiriH.r varluininrs 


Dirigible Power Transmission.—.Sometimes m <liri};ihlc halloon practice 
It is ile.sirahle to inonni l\xo engine- ni one iioxver car and to have media- 
uisin that will iieniul *if drivimj one jirojKOIer with ciiImt or holh engines. 
With a irunsinissiou .sysiciu of this nature, xxhidi usiiaUy ludiide.s an mde- 
pciicleiit dutdi for each enj^inc, in event of f.'iilure of one |H>\verplant the 
[iropdler max he driv<*n hx the other. Soinelime.s usin^ Ixvo etij^mes i.s an 
operating' atlxaiilajie as under faxorahle eonditiou.s, part t>f the ])n\vcri>laut 
may he shnt-olT and disconnected from the propeller with an altendunt fuel 
savinje. The use of a rluldi also ]»ermlls of repairs hein^ made on one 
unit of the jowcrplant. 

The transmission of the U. S. Army TxjfC RSI semi-rigid airship shown 
at V\g. 8X7 A shows the ty|»e of inedmnism employH when two engines 
drive :i single propeller. 'Hje forward engine drives the gear box by a 
separate driveshaft which extends along the crankcase of the aft engine as 
shown. A disengaging dutch is placed helween the engine ami the drive- 
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shaft flexible coiipUnir. Tlic aft cn^pne is connet'tcd to the gear lx>.\ through 
a clutch, coupling and a ccmsiderably sUorUT length of shaft. The gear 
housing contains reverse gearing for the rear engine an<1 not for the front 
one because sufficient thrust is obtained fi>r maneuvering in a reverse di¬ 
rection with one engine. This arraugeinciit jjonnils of starling one engine 



hy the other is <lcsire<l. 'I'he ratio of drive is twelve to five. ie,. the engine 
shafts make lwc^e revoKilions to produce five of tlu* propeller. This 
makes possible the u^^e of a large diameter, slow speed projieller of a form 
having efficiency charncteristies st>ecially adaiitaldc to dirigible liallnon 
propulsion. It is stated that the weight of such a transmission system^ 
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including: clutches, drive coupling's and driveshaft is about 600 pounds. 

Dtri^ble Engine Clutch.—The clutch used with the engines of the 
Shenandoah is shown at Fig. H88. This is mounted at the rear ends of the 
Packard 1551 engines shown at Fig. 877 H an<l is interposed between the 
crankcase and the rediu tiun and reverse gearing tirevimisly (Icschl)ed and 
illustrated at Fig. 812. Hie clutch brake interjHj.scd Iwtwccn the clutch and 
gearset is utilized to arrest clutch roiaiUm when gears arc shifted or to 
stop the propellers in a Ii4»ri>:i>utal ]H>sitiou to obtain gnnind clearance, as 
shown at Fig. 874. which shows the actual jviwer cars <d an Army Type 
Seu]i*Rigi<j dirigible. Hie clutch disc (Irtviiig uieiulier is in the form of a 
light wheel, this being necessary to insure suuHiih running of the engine 
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Fig. 687B.»The Reduction Gear and Clutch Assembly Used with Packard 1551 Dirigi¬ 
ble Engines on the U. S. S. ''Shenandoah." 


when the prifjieller. which iMirnially t>rnvi(les a i)\ wheel actUm is tier lute he^l 
fr<»m the engim*. A senes id dists are driven by the flywheel by integral 
ways, ibis flywheel also serving as a clutch casing. Tlie driven discs 
arc mounted on a s)iliued hub iiieniber that extends out fnmi the casing 
and attaches to the driveway flange of the flexilde cou|ding. '(‘he clutch 
discs or plnlc.s arc pressed t4»gcther by toggle linkage actuated by a sliding 
sleeve and the jiressiire tran.sfer iiiemiKT is thrcn<lcd iiJtt» the pressure plate 
in such a way that it can ho adjusted from the caitside of the clutch casing 
to vary the pressure exerted by the toggle links. 

High*Speed Automotive Diesel Engines.—In a paper read before the 
S. A. R.. Dr. W11 helm Kiehm. fllscus.scs the subject of auloniotivc Diesel 
engines and while the engine he dcscribe.s was designed for motor truck 
use, it is not likely tliat Diesel engines designed for airships will vary 
much in principle frmn tlmsg suitcil for autimuibiles. There will be a 
refinement in design to reduce the weight and lilK'ral uso of high strength 
steel alloys will nn<ioiibte<l)y be neccs.sary to obtain the required resistance 
without too much weight. It follows that. lH*catise of the unfavorable 
properties of heavy oils for use with the explosion method, this fuel should 
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be utilized by the Diesel method; that is, injection of the fuel into highly 
heated air, with S]x>ntaneoiis i^itiiin. The lower jj^iilion ;»oint proiTiotes 
spontaneous i^ition. in thi‘i case, while the lonp hcnlinp curve, due to the 
composition of the fuel, is necessary (or (juict coinbuslion. The sponta¬ 
neous of the fuel in Ihc working air, however, retjiiires siihslantially 

higher compression ihan is customary in carburetor engines, and this leads 
to higher ignition jiressures anti greater stresses on the working p.irU. 


Driving fisoge 
reserve gear 


Pressure 

toggle 



Driven member 

Clutch plates 

Csuftny U S Smiuof A«r9AMK& 

Pig. aaa.—The Clutch Mechanism and its Parts Used in the U. S. S. ‘^Sherundoah' 

Transmission System. 


The <|iicslion may he askctl uliciher these higher slres.ses arc such that, 
because «»( the more ruggctl eon>lniethiii retiuired. the weight of a light 
engine operated on the Diesel ]iriticr|do wonhl he a])tirertah?y higlicr than 
that of the carlmrelor engine. If this <|neslioii is u> he answered first 
respecting the working iKirts. this must l>c d<nie on the liasis of tlie maxi¬ 
mum pressures. In tlie rase of carlnircli^r ojiemiion, in Mhich the explo¬ 
sion pressure cannot he controlled with the same certainty as in Diesel 
engines, the innximiini presseires have been up to 28 atmosiihcres of more in 
recent <k'.signs. When using the Diesel principle, a combtistitm iiressure 
of 42 atmospheres may gener.ilfy he assumed for hlgh-sjiced engines. 

The diameter of the connecting ro<l is goveriie<l by the maxiimim cylin¬ 
der pressure, increasing with the fourth root of the pressure. Hence, rais¬ 
ing the pressure 1.5 times increases the <liainctcr of the connecting rod ten 
per cent and its v«i«eight afxmt 21 per cent. pre-siip]M>sing a connecting rod 
of circular cross-scction. The dimensions of the crankshaft are base<l upon 
the maximum tangential pressure at a crank angle of .10 to 35 degrees, and 
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the crankshaft must he hmr to five per cent heavier than in the carburetor 

en^ne, 

liecaiisc of cnstinpaiul innmifactnrinK consi<lrralinns. ihe wall thickness 
of cylinrlcrs. cylitnlcr-hijuls. pislniis anil crankcase ^eucrally are so heavy 
that tliey wilt not iut<1 tr» he msnie heasier hir itie hif^htT iinnliim presstircs. 
The fiicl-injecliii|i^ ilcvice proNuleil Instead of the carlnirelor also can he 
very lit?ht. m» that the I hesel engine will vci^h <»nly ten to fifteen per cent 
more than a carhnreti»r engine of the same cyhiicler dfsplaceinent. Since, 
in the vehicle enjrine. llic wei^dil Is always related to the altalnalile power, 
one must invesli>;ntv uls«i how the ]H\ver will ci an pure in tlu* carlmrctor 



Fig. 839.—CroK Section Showing Construction of M.A.N. Automotive Diesel OU 
Engine. Showing Fuel Injection Apparatus. The Fuel Pump (a) Supplies the Fuel 

Injection Noazle (c) by Oil Pipe (b). 

engine and the Diesel engine for the same cyliinler dikiiincement. The 
power dcpnuls on the attainahU* mean effective tpressure niu! the highest 
prncticfthle speed. Carlmretor engine.s nsimlly attain mean effective pres¬ 
sures between six and .seven kilograms per .srjUAre centimeter (8S to lOO 
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pounds per s<]uarc Inch). In l)iesel ens^iiicH that have l)ecn in satisfactory 
operation on cars for years, mean efTeclivc pressures up to six atmospheres 
(88.2 pounds per stpiarc inch) are olnainod normally with gotxl conifmstion. 
At lower sjieeds. moan cITcctive pressures {jrealer than seven atmospheres 
(102.9 p<mnds ]>er s«|uare inch) can l>c attained fi»r short \>cnotls. On the 
whole it can l)e said that the Diesel cnjc^nc will hardly fall below the 
average carburet(»r engine in <1 riving tor(|iic though .some carljiiretor en¬ 
gines will show a iierfurniance very much abc»ve iho averago. 

Whether greater hum a I ions arc imposed u|w»n the speed riiiigc of the 
Diesel engiucs cannot Ih‘ decided now. but, with the same normal speed, 
the lowest speed at which tlie engine will ignite regularly proKahly will be 
the same as for the gasoline engine. .AImi (he iipjKT linui of aroinul 2.QOO 
r.p.ni., re(juire«l for aiuo engines, pn^Kahly can l»c reaeliwl without diffi¬ 
culty. Vunw this it follows that, uiili the same c) lincUT volume, api)roxi- 
inatcly the same jxjwer will he given by the i>iesel engine as by the 
carburetor engine and ihe weight will he from ten to iHleci) per cent 


greater for (he Diesel engine. 

Diesel Fuel Supply Important.^Hie main consideratitm in Diesel en¬ 
gines for various aiitnmoiise uses is in (be xncllmd of fuel Mi]'i>ly. Air 
injectum, whicli lias been ]ire\iousIy descnhofl. is not .suited for an engine 
that is to lie light in weight because (he coiiipres.sor and oir sli»ragc intro¬ 
ll nce.s con sid era ble e\lr;i «eu:li(. I hesel engines of the airless injection type 
arc I'cst adapted for autoniotnc work. There arc two main ^y.steins, one 
known ns the aiite-clianibcr s>steni; the oilier is the jiressure atoini/atiou 
system. Anle-cliamber iiijeciioii hu> as its main feature a chamber placed 
ahead (»f the working clianilier into n Inch the fuel is iiiieclefl and partially 
biirneil. In such engines ilie coinpressioii is alxiut 35 atmosjdiercs and 
comhuslion jiressnrc 4(( atnio*^phcn‘s In the pressure atomization 
method the fuel is iiijecled ihreetly int<» the coiiibusli<in space. The in¬ 
jection device reijuires \er> accurate liming and to secure even apiiroxi- 
matcly perfect conihiistitm. a iferiiiile aii<l precise relationship must be 
secured between injeclhm time aiul the pisttni travel. Ante-clianiber 
engines imisl be pnoideil wiili a Springs h»aded needle v;ilve rinUrolle<l by 
fuel pressure and these \ahes are <lilu*ale in con struct mn and smue ]>arls, 
the necille tij> and valve seat in the n**yy.U‘ are snbjecled to considerable 
wear. 'I'he pvessurvatonuzer system is simple because an open nozzle is 
used and the <uily moving purls subject to near arc in the fuel jmmp. The 
j>rcs.sure-at<*uii/cr eng'ines arc ea''ier to start while antc-cbainbcr euglnes 
must use ignition cartridges, electric healing coils or other devices to 
facilitate starting. 

In the M.A.N. four-cycle car-engines, which have liccn used extensively 
during the last twc» years for the |»ropulsK»n of vehicles, the pressure- 
atomizer system lias been given preference. Acc<»rding to conditions, cither 
two opposing nozzles or a .single nozzle can lie employed. Also the whirl¬ 
ing of the c(»mbustion air can l>c utilized to imparl a circular motion to 


the charge. 

Fig. H89 is a wtion of an M.A.N. fnc*l-inject<»r engine, lly means of a 
cam-operated pump a the fuel is taken in and forcecl through the o]>en nozzle 
into the combustion-chamber under a pres.Mire id MX) atmospheres. The 
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simplicity o{ this arrangement is striking. The lateral injection results 
in a particularly simple construction of the cylinder-hcacl. it leaves room 
(or large valves, and it ofTcrs special atlvanfagcs in car engines because of 
the convenient location of the nozzles. A particularly favorable feature is 
lhat there is no chance for the formation of air ixjckets because the fuel 
rises con.siantly frtmi the pump to the combustion space. 

M.A.N. Fuel Pump.—'I'he fuel jmrnp bir a four-cylinder engine is cast 
in one Idock, for a six-cylimlcr there are two blocks of three cylinders each. 
Admissic»n control is etfcctcd by ojieiiinga bypass valve during the delivery 
stn>ke of the pump, releasing pressure in the delivery pipe. This occurs 
early in the stroke when the engine is miming light aiul late when run¬ 
ning under loatl. 'i'he in.staiit the overfliov valve acts, the check valve of 
the fuel pump closes under spring ]>ressurc nnd the pressure prevailing in 
the cnghic cylimler. The fuel pump cnnsiriietio)i is sluovn at KIg. 890. To 
provide regtilalltni of Uilh ]K>\ver nnd ignition lime tlie motion from cam 



Pig adO.^Secdoiul Drawing Showing the Construction of a Fuel Pump Serving a 
Pour-Cylinder Automotive Diesel Engine. Note Engine Governor Mounted in Oil 

Pump Drive Gear. 


i is transmitted thrciugh tw<» levers j. k. which are fnlcrumctl on eccentrics, 
to the pump plunger 1. ICccenlric in uf the lower lever causes a practically 
horizontal displacement of the ndlcr on the cam and thus an earlier or later 
stroke <if the jihingcr; in other w«»rds. early or rcianled ignition. Eccentric 
n of the upper lever is shifted m an nhno.st vortical direction, and thus 
changes the clearance between the setscrew p, in the lever, and (he bypass 
valve q, in the pump IxMly. The end of the uscftil stroke of the pump is 
governed by tilling the bypass valve oft its seat sooner or later in the 
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stroke, accordinu to the position the upper cccciUric. The fuel admission 
of the different cylinders will he uniform if the clearance between the over¬ 
flow valve and the setscrew Is the same, in the same relative crank position, 
for all cylinders. This also a very simple adjnstnienl h^r the fuel 

pump. The fuel is taken in thron^fh a si»rint'-U»adc<l sncliim-valvc above 
the pump plunger, which can be withdrawn upwani b»r rcgriiidiiig. In 
the twiHSpray arrangcnicnt, the check-valvc is located in the fitting where 
the pipes branch off to the two nozzles. In the hcatl of the fnel jnnnp there 
15 supported a shaft o. which, by means of staggere<l eccentrics, renders one 
or more of the cylinders in<ijH.*rativc by depressing the suction valves, so that 
the driver can dcicruiinc while running whether the load i.s evenly dis¬ 
tributed among the cylinders, or which cylinders arc ojjcrating less effec¬ 
tively. The control rod fr</m the governor inoimted in the <lrivegear 
passes thremgh the ]Mnii]i camshaft and actuates the up]KT eccentric thnmgh 
a bell<rank and a rack. The valves aiul ]mtnp plungt'rs arc li:irileiie<l 
t<io?-steel and the pnnip liners arc ca.st iron. 
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Pig. 890A.~DUgranu Showing BUminatien of all Wiring on Compr«»tion Ignition 

Engine. 


The high-speed Diesel vehicle engine first sold by the M.A.N. has 115- 
millimeter cylindcr-borc and 180-mil I imeter stroke (4.53 by 7.09 inches), 
h is built with b<ith four and six cylinders, and delivers 45 and 68 horse¬ 
power resj>cciively, at a spew! of 1.000 r.p.m. The vveight of these engines 
is ten kilos (22 pounds) i>er horsepower. This type of engine, which is 
suited and has been u.sed for many different purp*»ses, is illustrated in Fig. 
891. The crankshaft of the four-cylinder engine has three roller hearings, 
and that of the six cylinder has four roller bearings. In the aluminum 
crankcase are separate camshafts for the inlet and exhaust valves. The 
cylinders of the tour-cylinder engine arc cast in block and those of the six- 
cylinder engine fh pairs. Cylinder-heads arc attached to the cylinders by 
studs. Aluminum pistons are used and there are dust-proof aluminum 
covers over the engine, as shown in the plmtographs. It will be a])parent 



Fif. 891.--The M.A.N. Automotive Diesel Engine. View at Left Shows Water Pump and Generator: Illustration at Right Shows the 

Fuel Pump and Injection Noazles. 
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that the weight must be greatly reduced to make engines of this type suited 
for airships. 

A starting nu^U'r usually is provided with the engine, but fi)r manual 
starting the exhaust valves can l)e raised fnnn their scats. For starting 
after the engine has been stamllng idle in the extreme cold, air must be 
j)rchealed for reliable igtiilion. 'I'hc inlet pi|>e is presided with a butterfly 
valve to throttle the cold air uhilc the engine is running hlle or light, heated 
air being drawn from the exhaust pipe. 'I'lie starling motor and generator, 
as shown in the illustration, arc built outside the casing. The engine can 
)>e mt»dificd n\st* for starting with etimpre.sswl air. 

Other models with greater jMiwcr, SO aiul ItK) hi»rseiMJwer per cylinder 
at 700 r p m . are under c«»ii>lrm'lion, but no <leiails (d these are now avail- 
aide. 
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Pig. 892.—Curves Showing Fuel Consumption of Automotive Diesel Engine. The 
Metric Horsepower Shown in the Curves is 1.4 Per Cent Less Then English 
Horsepower. The Tests Were Made with a 4.53 Inch Bore and 7.09 Inch Stroke 

Engine. 


V.xluuistive expiTinunits »mi the lest bl<»ck have given a r.ither clear idea 
of the snilal)ility tif engines <»F this type for automotive use, and of their 
efficiency. Ke>nlls <if fuel ineasiifcmeiit at clitTerent sj^ccds cm the 115 by 
18f)-millimelers by 7 09 inches') size, with injection through two lateral 
noz/lcs, are slmwa in J'lg. ^^2. I'he.se tests were made with a fuel having 
a rather low heal value of O.M.tO calories. The stKTifu* fuebcousumplion, at 
all sjieeds used, ranges In'tweeii 200 aii<l 215 grams (0.44-0.47 pounds) per 
liorsetHOver hour, this being Iowct than the Wst > allies for gasoline engines. 
Compared with carburetor engines, the fuel consumption is very low over 
a long range of partial load, a fact that will be found particularly favorable 
t<ir car projnilsicm where very Imv and Tucdiuni loads are frequent. 

1'he fuel used for the engine is a high-grade gasniil. a pure distillate, 
free from cni<le-oil residues or tlic like. Aniinig other suitable fuels are 
certain low-viscosily crude-oils, lignite tar-oil and shale oil. When the 
engine is used for clriving vehicle.s. especially in large citie.s. a very light 
ga.s-oil having a hoifing point not over ,120 <legrci*s ( entigradc (fiOS Fahren¬ 
heit) is con.snicrcll preferable, to tirevent <»bjectionablc mlor from prolonged 
idling of the cold engine, i»r from iuiproper adjustment i>f the injector or 
the fuel pumps. 
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Owing to the high thermal efficiency, the volume of heat carried off by 
the cooling water is somewhat lower than in the carburetor engine. This 
property of the Diesel engine permits the use of a radiator smaller than is 
usual. Oil consumption is just as low as that of goo<l carburetor engines, 
and the quality of the lubricating oil required is the same. 

Saurer*Diesel Engine.'^Automotivc Diesel engines for trucks have been 
experimente<! with for a number of years by the Adolphe Saurcr Co., of 
Arlon, Switzerland, an<l have been described and illustrated in /tulomotivc 
Industries. 



Fi^. 893.«<-Croas Scctkmal View of the Saurer^Diesel Type Motor Truck Bnaine 

Which Weighs About Ten Pounds per Horsepower. 


The final typo cd Saurcr engine will be u six-cylindcr, fcmr-cyclc of 110 
by 150 millimeter 1>orc and stroke. This engine was produced nearly a year 
ago as a gasoline type, but the design was laid out in sucit a way that prac* 
tically all the essential parts could be used alsi> for the Diesel model. Great 
rigidity is obtained by having cylindcrb and crankcase in one casting, this 
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caAting^ also comprisinif the timing gear housing at the front, inclosed by a 
cover plate which carries the water pump and the ventilator (an. This latter 
has an oil-less Silenthloc bushing. The craiiWshafl is a Iniiltmp type carried 
in seven roller bearings, fitted with a vibration dainper. The camshaft is 
carried in cast-inm lK*arings in the cyltinlcr bl<K*k and the valves arc vertical 
In the head and <iperatcd by push mils ami r«K*kers. 'Phis engine develops 
105 horsepower at l.WX) r.p.ni.. but n‘cenlly, for a iiunor coach competition, 
was spcedc<l up and made In develop ]M> 1iorseiH>wer. It weighs 1,.320 
pounds or about ten ]joiinds per horsepower. 



Fig. 894.—Details of Combustion* Chamber of Saurer>Diesel Automotive Engine. 


As a Diesel ly|>o tlic esNeiilial parts of the engine remain unchanged, 
but a special heat I is used, with (he normal valve.s, and monnted on the 
head is a Untlemecked sjdicruMl anlr-i*hatnl)er. As will be seen from the 
drawing, Figs. 893 and 894. air is cenupressed into this chamber, the volu¬ 
metric ratio being 15.5. giving a theoretical pressure of 32 almospheres, 
or 470 pounds per square inch. Fuel is injected into the antc-chamber, 
the flow 1>cing in the same direction as that of the air. which is contrary 
to the practice of certain German nianubaclurers of Die.scl engines, who 
adopt the system of opimsing currents. While the cylinder barrels and 
head are water cooled m the normal manner, the steel anle-chamher has no 
water jacket, and is held down by studs which allow for exjiansion. The 
six ante-chaml>cT»are all inclosed by an aluminum cover plate. 

A pump, driven off the same .shaft a.s the electric generator, lias six 
pistons with an invariable str<ikc but a variable delivery ni fticl. In addition 
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to a reciprocating motion, the piMons can he rotated on their axis by means 
of a hand control, thus cutting' off the flow of fuel. Delivery always begins 
at the same jjoint, which is proliahly 40 flegrccs before u|>per dead center, 
but the fl(ov is cut off earlier or later acronliiig to engine sj^enl. The fuel 
is injected into the antc-chamlKT al a pressure of M atmospluTcs. 

Ojipratioii of this engine is no tunre mniplicated than tliat of the gaso* 
line type, the tnily c<m(rol Indiig the throttle, which in this case regulates 
the cut off of the fuel supply. It is hoth fool niid hand coiitndled. 

Weight of the Diesel ongiuus is practically the same as that id the gaso¬ 
line model, power output <ff the former is. houever. abinit fifteen to 
sixteen per cent less than that of the latter. In the case of the existing four- 
cylinder Saiirer engines, having a bore aiul .stn>ke of 110 by IHO millimeters, 
the jMiwcr luitpui is 5J horse ]miwct at 1.200 r.p.ni. when running gasidinc 
and 44 horsejiovver as a Diesel. Although go\erm*r| |o this s]>eed. the I liesel 
will run uj) to l.fiOO or 1.800 r.pm. Another disadvantage is the ilifficulty 
of starting iiji from cidil with the high coinj»ressi<»n ratio emidoyed. At 
present the engines are wanned with hc»l water, an electric starter is used 
to swing them, ami the charge is at first ignited by a hot plug through 
which an electric current is passed. 

The pn»ved advantages are much lower fuel cost, the ratio of costs, 
with fuel bougdit on the .Swiss market, being five and cmc. It is claimed tliat 
the gas oil consumption <ni the Saurcr-Diesel is (1.52 jKUimls per horsepower 
hirtir, The Siinrer truck Inivnig a total weight id 8;% lon.s, of which 
tons constituted n.scful load wa.s used fi»r testing pnriioscs and averaged 
just civer nine miles to the gallon of g:is vnl, when running \v»th full load, 
and lm|)roved this to thirteen miles to the Anicnean gallon when running 
without Io;ul. 'I'he g;i.s4i]ine motor of the .same sixe, filled in the same tnick. 
averaged 6.7 miles to llie gallon willt full load and imly iiiijiruved this to 
7.7 miles to the gallon when mnning ligdii. It is slatctl that there is a 
greater degree <d flexibility with the Diesel engine than with the gasoline 
type. I'hc former could be .stHrto<l away under full loa<l on third gear (a 
four-speed transmission was fitted); it would ilinuilc clown to fc*ur miles 
per hour, and it accelerated from 4..1 lod.8 miles )mt hour in 62 seconds. 
The inlerniediatc and final gear rutio.s were exactly the .^ame on the two 
chassis. The cooling arrangements were the same on the two models and 
were fully adequate for long climbs on eighicen jjcr cent gnidienls calling 
for the use of iKitlom gear. 

Improved Air-Fuel Mixture Method.—I'. lurnsl Uielcfeld writing in 
Atifomolivc h\(1uj:trfex dcsenlie.s a new mctliod c»f air-fnel itiixlnre tliat will 
result In more rajiid Imrniug and make higher sjieeds jiossible. in a paper 
presented to the Association for Fuel hhigineenng in Uerlin on December 
6. 1927, \Va. Oslwald reacheil the conclusion that *‘it seems ecpially proini.s- 
ing to develop the carlnirctor-tyiie engine to oi>eratc at higlier compression 
ratif)s and partial combu.slion at constant pressure, ami to develop the Diesel 
engine to operate at lower compression ratios ami partial combustion at 
constant volume. Practically s|»eakmg, this would Iea<l to a high-speed, 
medium pressure engine with pronounced pre- ami aftar-combustion. It 
would* alm<»st seem as though it might combine fuel and engine to an 
economic optiinuin.'* 
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Whether the views <i( \Va. Oslwald are correct in every i>articular only 
the future can tell. It Is upon to (jiicstiim whether preignitiuii (pre* 
injection of the fuel) is always necessary. There is at least nne mcthiKl of 
operation which (hies not call for such injection ahead of the dead center. 
This is the new nictluHl cd operation for Diesel entwines known as rapid 
combustion with hi^h atomization or the liitrtKlnction of oil vajKir with 
.simultaneous positive supply of arr to the fuel. 

It is a fact that the coinhnslion efiicicney of n IhcscI engine depends 
to a large extent upon the rapidity with which the conihnstiun is cmiiplctcd. 
'rhe nn»rc rapid tin* rate of c<»inhnsti*m the >hc»rler the lime during which 
there arc heal hi»c>. The more Ingldv aioiniznl the fuel when U enters 


B 



Fig. 895.—View at A Shows Bielefeld Injeciion Valve for Production of an Oil Fog. 
B ia a Diagram of Bielefeld Diesel Engine Air Chamber with CroM Plow of Air and 

Fuel Currents. 

the combiKtnni-chamhcr the im>rc rajddly the coiiihustiou can be com- 
plcteil llov\e\er, wlicn the fuel is so htiely atomized that it \s ahntisl 
ga.seons. it i.s ini|M)ssil»le. even nilli the highest jnitnp jiressures, to give 
the jet such juntetratnig juovcr that it will penelraie a flat combustion- 
chamber from an injcctnni n<»7.zle located in the center of the head. 

It is therefure necessary to hnik for new means of carrying through the 
c<»mbuslion in the short time avadable and in spile cd the difficulty referred 
to. The air must Ik* jNisilively brought into contact with the fuel in such 
a manner that every panicle of fuel ahni>st immediately conics in contact 
with the amount id *>Nygcn necessary for its conihnstion. It is <juite possi¬ 
ble to carry out this idau in a Diesel engine. 

First of all there is reepdred a smuU iiojipet vulve shown at A, Fig. 
895, the lift of which is alnn»st inftnilesiinab and which is opened auto- 
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tnaiically by the hi^h pressure o( the fuel oil. The combustion-chamber 
of the new engine as shown at B, Fig. 895, is of entirely different shape from 
that in the usual Diesel engine. It is divided into three sections. Above 
the piston head there remains a flat, disc-shaped space, the clearance space. 
The depth of this space is dictated by jjractical considerations, among which 
may be mentioned Ibc increase in length of the piston with rise of tempera¬ 
ture. as well as that of the connecting nwl an<l crank arms. This clearance 



Fig. SeS.^CrosA Sficti^nal View ot the Dorner Constant Volume Diesel Bnains. 

Space Cijiniminicalfs on ti>)) with a neck. The injector valve extends close 
up to thi.s neck. Above this tieck there is the air storage space, so called 
because nearly the whole td the air necessary for combustion is stored in 
it. As soon us injection <if the fuel begins the air is forced from the air 
storage space by an auxiliary piston, while at the same time the working 
piston begins its ]M>wer stroke. As the working piston proceeds on its 
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downward stroke it increases the clcaraiux s^acc. h‘ui‘1 is injected in such 
manner that It almost touches the wall of the neck, 'rherefore. an oil fog 
is spread in the neck of the comhuslion-chainher and ;i cross How of air 
and fuel ciirrciUs is pnuliiood. forming a “fog net** in the tieck of the c«ini- 
l>ustio«*chamher. Air dri\en lhr<ntgh this oil fog hy the auxiliary jnsttm 
results in more rajiid Imrnlng an<l makes higher siu'ocls t»ossihle. 

Packard*Dorner Diesel Aircraft Engine.—A Diesel engine, for the first 
nine ill history, iKranie the motive junver of an atridane on Sei*lemher V>, 
Actual test High Is were made on that day hy nu'ans of a horse¬ 
power iiine-cv liinler radial air-coole<l Diesel aircraft engine ilevelojicil hy 
the J'ackaril Motor Car C*i»inpauy. 'I'he new nion.r was desigmul hy ( ap- 
tain I... M. Woolvm, f'ackartl aeroiiauhcal engineer, in collalHjralloii with 
Dr llerniunii Dimmer, one of the forerMo>t fdesel engine anlhoriMes of 
(iermany, Mr. Adolph Widniann also assisted, ‘riie work wa.s carried on 
im<ler the direction of C’ol. ( tk X’mccnl, i ice-president of engineering <d 
the Packard c<im|*aiiN. Waller Dees was the pilot and Captain Wi^olson 
a passenger in the tirst Ihglil iinnle at the I'ackant company's proving 
grounds at Detroit, I'he plane was a Stinson-Delvoiier ship of regidutfoii 
type, ill view of the keen interest winch this great event has jnstifiahly 
angised, the general engineering basis underlying' the aeronautic Diesel 
engine is siniiman/.ed in the following paragrajdis, which arc rcprodiicerl 
from Oif P.iHjiitf /'r^ecr for Wivemher. I'^JS. Although the e.xacl lanisiruc* 
tivc details of the radial engine arc not iK’ing made ptihlic at tins writing, 
It is assured llial tlie Diesel comhuslion cycle as ciunmoiily iinderslood w'as 
consicicralily modified in il.s design and ojieratioii in order to make jmssihle 
a sustained output «»f 200 hi»rse|KJwer fn»m an engine having only WIO 
jKUiTuls of metal weight. An engine which was designeil hy Dr. Donier 
and hiiilt hy Judd. Stahnicr Cc En^dis;if emhotlies the ikwv principles of 
operation and design which arc rcgaTde<i as characlerislic of the new 
j'ackard engine and is shown at Fig. K'lfi. tlumgli it <locs not rei>reseiit the 
actual I’aokartl engine, only the jiriucijdes on which it is based. 

The Dorner Diesel Principle.—l*n*fessor JV. Ing Knrl Neinnaini gives 
an exhaustive malhematical analysis of the nesv method of a]i|il 3 ing the 
Diesel ]iriiici|dc ami Mijit>leinen(s it with elaborate lest data 4ihlaine<l from 
a Dorner J.'iB engine 4>|)erate4l in ;iccor«lance UuTvwilh, Among the 
ra<licaliy new departures tllustruled hy these re.snlts arc the aUannueut 
of 0.S.5 lirakc in.e.p. at l.t>00 r.p.m. in a 3.76 inch hy 6.2^) inch cilimler ojicr- 
ated at l,U00 r.)».m. 30 per cent thermal cflicicncy ct»rrespondmg in 0.470 
fuel consumption ; air fuel ratio of 1.21:1; exh.aust temjieralure 1U57 degrees 
Falircnhcit. These arc sonic of the factors up<m w'hich the present 
reality of the flying Diesel engine is considered to he based. 

In its general features the engine folhnvs more or less stereotyped 
«aiilomolive lines; it will however serve the pur|K>sc of giving concrete 
eiiihodiment to the new principles regarded also as the lasis for the 
Fackard-Dorner radial aeronautic engine. J'or the sake of main mining 
absolute accuracy in the liming of injection it will he noted that a separate 
camshaft is provhled for the fuel pump, while tlie camshaft for u])crating 
intake and exhaust valves is hwaled on the op|H»sitc side <d the engine. In 
view of the fact that the engine is operated with constant-volume coinbus- 
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tion precision in the control uf injiTlirm timing is of conshUTulily greater 
importance than in thi»sc (lesions when llic i»se of mixed cvclc comhuslinn 
predominates. Further precautions ft»r keepinj; the coinlnisliou cotiriiied ns 
early as possilde to the (Ica<l renter arc apt>arent in the cross sec turn id the 
fuel pump and its drive shown at Fi^. K^)7. 'I'he pump cam has a slraij;)il 
tangential rise of unusual length, >vhile the method of altering the fuel puiuj) 
stroke is such as to maintain constant lead and duration o( injection for 
all loads. This is accomplished iu the well-known manner hy traversing 
the end of the pump push n»d 4»ver a cam-roller guide-lmk having n contact 



Fif. 890.—The Dorner Spray Noaale Which It at the Top of and Adjacent to the Pud 
Pump. Relationahip of Parta to Pump Shown at Fig. 897. 

surface wdth a radius struck from the upper end of the push rod as :i 
center. The further llie ndlcr JL is moved away from the center C). the 
greater the uffeclivc stroke of the pump. 'Che motion of the guide link 11 
of course, remains umafTeried. so that it always begins and ends its ii])wanl 
travel at the same crank-angles. The siine is true of the t*nmp plunger 
only the length of it.s travel is rcgnlatid. No suet ion valves are ruled to 
the ]>uin]). which draws iu fuel hy vacuum when the plunger I* uncovers 
the drilled hole S at the lower end of its travel. Fuel enters through llie 
horizontal j>assagc marked llrennstoffeiiitrilt immediately alnivc winch is 
located the air-vent (entuftimg). Discharge valve.s ccnisist of two spring- 
loaded hardened steel halls marked V, as may l»e seen from the enlarged 
cross section of the spray nozzle. Hie latter is monnted in the side of the 
cylinder very close to the discharge from the fuel pumi>, so that the dis¬ 
turbing effect o^any kind of Inbing and ronnectioii>; is eliminated. Were it 
not for this feature il is not probable that the reipiiremeiits for constant 
volume comhustion could lie met as sjiiisf;ictorily as the pi^rhimiance 
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of the system has imiicated. 'Vhe sj^ray valve is of the i) 0 |)pet type that is 
o]>eiK*<l tf>\vanls the comlnisticm space l>y the pressure of the fuel. Owinp 
lo its Ujrht weight ami the extremely close c<miu*i*ti<Mis helween it and the 
fuel pump, it is estimated that its acli<m follows the pump cam with a high 
degree td precision. 'Die simplicity and general lack of special sbni>es in the 
Cl mi host ion space will nmtotihledly come as a surprise to those engineers 
who have regarded special contours of coininistinii sjiaccs as indispensible 
rei|nirctneiTls of all airlos injection systems. 'J‘he only irregularity con¬ 
sists in a shallow m>lch on one side of the dishet! piston cn»\vn; its puriHise, 
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Fig. 898A.—ComparinK Indicator Diagrams of Wgh* and Low-Speed Diesel and Caio- 

line Engines. 

however, is merely to jirovidc an uiiohsinicled i>ath for llic spray, rather than 
to Set up air lurlmUuct* <ir lo afTcct tlw coinlmsiuHi process in any other sjie- 
cial way. Apparently the surhlen prcsstire rise incident to the constant- 
vcdunic coiulmstion sysicui is .snlTicieiit lo create all needed tiirlmlence. 
at least if with a m.c.p. at 1,(X)0 r.p.ni., as was shown by careful 

mcastircnteiils nm<k* at variable r.p.m. 

Reduction in the weight oi the Diesel engine to three iJOunds per sus¬ 
tained horsepower i.s illuminated hy the thorough niathemalical research 
of Ih'ofessor Neumann already referred to. Whereas lower weights have 
been fjiiotcd (or Diesel eTiginc.s on the Kaxi.s of <»utput hoped for or attained 
with dilTunilly for ,shi»ri ]>cri(Hls i)f time, the rating attainment of the Dnnier 
engine was such ns to stimulate an exhaustive analysis ultin;t^icly confirmed 
hy test-hed results. Although it is impnicticahle give a complete account 
of the work in lhe.se ctdunnis. ll may Ik; hricfly indicated that they hinge 
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on apj)lying the cimsUnt-vulmnc ct>mlMJsUon principle to the Hmil. regard¬ 
less of consequences so far as luaxhnuui firing pressures are Ci)iKcrned. 

Bearing loads and stresses in engine struct tires have hitherlo delerrod 
Diesel technologists from a thimmghgoing ap])Hcalion of the constant- 
volume principle, althr>ugli its ctTect in inipr<»ving combustion and >pecrlic 
output attainable with coni bust ion partially at cimslant pressure were 
known in a general way. it was argued that the rcMilling high pressures 
would compel designers to use hea\ier engine parts tt> witlislaiid the 
forces and that weights would l>e luuhily increased, IVofessor Neiiuiaini, 
however, shows that the constuiii-vulnuie principle iKTinits of increasing 
the mean cfTeclive presMire to such an cMenl that the extra horsepower 
gives goo<l pnjuiisc of <»verbulancing the additiouui weight as was con¬ 
firmed by the Packard results. 



The excess air rali<» measured on test by means of a gas<imeler illiimi- 
nale the i)erf<)rinance of the |)i»rner engine from am»tber angle. At full 
load the ratio of air drawn into the engine to the quantity tbeorelicnlly 
necessary to burn the fuel injected was only 1.21:1. This figure gives a 
clear indication regarding the <legrec o( material ulilixation characteristic 
of the engine and goes far towards explaining why it was the fir.st Diesel 
engine type that ever tcMjk to the air. 

Junkers Aircraft Diesel Engine.—Kefcrcuce h.as Ikhui nia<lc to the Junk- 
ers«l)iesel engines built for nirjdanes and airship use and several im»dcrn 
designs cmlM>dying the Junkers principles have lieen described in preceding 
chapters. Keadtrs will he interested iu the simple diagrams at Fig. 899 
which show one of the dc.signs experimented with by Professor Junkers at 
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Aachen, (icruian), ilnriai; ihc war. Ju this type, there arc two c.*ankshaft^ 
carried at the cncN cif the cylinders, one at each side of the motor with the 
cylinders 1 h*Iwccii ihctn. The cylinders each have Iwti pistons and each 
piston is connected to its own crunkshaU by the usual connecting rod. 

I'he engine sliuwn is a fonr-eyliinler form, there being a supplementary 
air |iuni)>ing cylinder that also carries two pistons memnted at one end. The 
cranksliufls arc made to revolve in tinison by a train of spur gears, a central 
gear Iniviiig a ]*rtijecling shaft to drive a pnipellcr. The two |>istons in 
cad I cvlnnlcr working in op)Mi>itc directions, uncovered inlet and exhaust 



Fig. BQSC.^Diagrams Comparing Fuel Supply ol Dieael Radial and Gasoline Radial 

Bn<snjrt. 

ports tieai* ihe end of tlu'ir stroke. 'J*he exhaust jH»rt was unc<nerecl 
first, and wlicu the inlet iM»rl uas imcovcrcil, a coin]>ressed charge 
of air was forced through the cyliiuler by the integrally mounted scaveng¬ 
ing tnnijj). lluTcby in-aerically clearing it of nil burnt gases. Due to the 
excellent scavenging, gtuKl inertia balance, and absence of restricted valve 
area, it a]»pcars possilde that l)ie>rl engines of this tytie may be made to 
run at high sj^eed and develo)i high mean ciTcclive pressures. 

'i'lie weighl-borsepow cr ratio can Ik* made (piitc favorable beennse high 
resistance metals can be used, even ihmigh two sets of pistons, rods and 
cranksliafls are necessary. Jl slmuld be remembered that a four-<ylindcr 
engine of the type shown, because it o])eralcs on the two-cyclc principle 
gives bmr impulses each rcvi»luiion <if the crankshafts and in turning torque 
it is equal to an eiglit-cylimler four-cycle engine which would have the same 
number of pi.sUuis and connecting ro<ls. The cooling system was reported 
to be very clTcctive. Wi»rking surfaces of the cylinders were completely 
8tirr<unided by co(ding water, and the pi.stons contained a cooling fluid 
that was said to greatly assist in the transmission of the heat from the head 
to the skin where it was given up it* the cylinder walls. Fuel supply was 
hy injeclion pumps thnpugh .si>ray nozzles of the simple tfpe. One of the 
early four-cyhn<ler engines devckijicd in tlx* Iud)oralories of ITofessor Junkers, 
was said to have developed 200 horsejHivvcr at 1,000 r.p.m. and to weigh 
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about 3.5 pounds per h<irsepo\vcr. The i>viTall iliincusions wore as (nhmv?.: 
length 52 inches, width 61 inches aiul height eighteen incites. A six-cvHiuier 
engine is also said to have licen Imili ex|MTiniciUal)y. this would gi\e the 
sajne nunt1>er of explosions per crankshait revohuion as a IwelveH-yUnder 



four-cycle engine. The flat hirni of the engine makes tl jtarticnlarly >vel! 
suited to installation inside of the Junkers thick wing section when used 
for airplanes anj| the writer feels safe in jpredicting that this Unm of engine, 
now undergcHijg Intensive develo|»meni. will l»c nnmiitetl inside the wings 
instead of outside. 
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Aeronautical Diesel Engines.—Cajitain L. M. Woolson. Aeronautical 
and Research Engineer for llie Packard Motor Car Company, read a vcr)' 
iiisirurlivc paper l>efore the S.A.Jv on ihc subject of Acronaniical Diesci 
l^r^nes and outlined some of the advants^^s and cx|)eriences that his 
cc)mj)any fimnd in developing ami testing such an engine in cu-lalniration 
with J)r, Dorrier. a German engineer of high stainling who has had a wide 
experience in Diesel engine design. Captain \Vf»i»l,soi] slated that it has ))een 
assumed in many quarters that the high inaxtnnnn cylituler pressures 
encountered with the high speed Diesel principle militated against sufTi- 
ciently light engine constniclum to permit its usage for aircraft power• 
filants. That this fear is unfounded is perUajis ?>e.si jirovcd hy the fact 
that the Packard-Dicsel aircraft engine, weighing less than three j>canids 
per horsc)>cAvcr, has been subjected to considerable fligbl testing as well as 
several hundred hours ground testing, and a con si met ion has been 
evtdved which is fully capable <»f withstanding cylinder pressures well in 
excess of 1.2(K) jxuuhIs per square inch without having rec<itirsc lt> exces¬ 
sively heavy construction, 

DojKirtures from conventional aircraft engine design were, of course, 
reqiiireil in many instances, Init in general the result ha.i been achieved by 
ulilizing materials ot Ibc kind Ih'sI suited to cope with the respective 
stresses an<l ]irc»p(»rluming the slmcttirc in a inamier calciilate<( to secure 
lua.xrnnuu sfrciiglh with uiiniinuni weight. As a tyjiical cxaiiqile. it has 
been necessary to bnego the use <»f the light cast alloys where subjected 
to allernaling stresses, due to tlie low imiiact value <»f .such material. 

While the Packanl-I )icsel engine has been sncccssfnily ilighl tested as 
well as shop testi'd, evidently it is not jKTfecled to the point where it is 
commercially applicable to all types <»f aircraft and as no tletads or illus¬ 
trations of the Packard-Diesel engine given, it i.s safe tt» assume that 
its makers were mu rciuly to auuonnee it" pcrfecli«»n or availability to the 
trade at the lime of )iresentatiim of the j»a]K‘r in December, 1928, and that 
m<ire deveU»pment work must 1>c <lotie. 

Aeronautical Oil Engines Not True Diesel Types.— It is i^erhaps not 
generally rec<‘gnize<l that the Die.scI ei\giue 0 ])eratiiig on the c<Mistaut 
pressure cycle is limilctl by that very re.stnction to coinjiaratfvely Ion -speed 
operation. All c<iinbustion ])bem>mcna taking place in iMlcnial-eonibusilon 
engine opcratiim rcfjuirc a definite time ri»r their conqdetion. Ntjw it is 
perfectly <»hvioiis lh,at any engine suitable for aircraft pnquilsion must be 
of the high-sjieed type. It imisl opemte at speeds in excess of 1,400 or 
1.500 r.p.in. in onler to begin to cnmiH*te with existing g?isoHne aircraft 
p4iwor(daiits. Granting then that a practicable Diesel aircraft engine nni.st 
mu .It spcc<ls five or six limes as fast as llic stationary or marine type of 
Diesel powerplnnls, whereas the igiulii»n time lag is snlislantially the same 
in either case, it can l>e readily seen that the bigh-spcecl engine demands 
a different type of romintstion than the h»w-spced Diesel, Indicator dia¬ 
grams comparing high- and low-speed Dic.sel engines with the gnstdine 
engine are given at I'ig. A. 

Fuel injection in the high-s)>ecd Diesel mu.sl start ns*enrly as SO de¬ 
grees before top dea<l center in order io insure roiiijdete and smokeless 
combustion, nlicreas in the low-s|>ecd Diesel fuel injection iisttally starts 
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about ten before top dead center and continues until about 32 

deuces past top dead center. 

Now in the ca>e of the lii^h-siiecd Diesel, when i^uilion starts coiisiHerahly 
ahead of top dead center, the cycle of ojKTatiim d<*es in>l materially differ 
from that of the ifasolinc or expli»^ioii cnjjinc. the sj»ark of which is limed 
to occur at substantially the same jMiint in the piston stroke that the fuel 
injection of the hiph-speed Diesel is timed to start. There is, of course, 
this important difference that when the .s)»ark takes tdace in the jjasoline 
engine all of the fuel charge is contained in the cylinder, whereas when 
Ignition starts in the high-s|>ced Diesel engine only a small jKTcentagc of 
the fuel charge has already been injected. This latter condition eimhles 
the designer io control the pressure rise within the cylinder within certain 
limits. 

Now since the high^sjieed crmipression-jgnitii»n .solid fuel injection air» 
craft engine refcrretl to tlinuigliout C’ainain WimiIsous paper is termed a 
Diesel engine, an explatiatiun might lie in order In satisfy the criticisms of 
those who strenuously r>p|>ose the use of the term *T)iescV* as apidled to 
engines which do not opera I e on the true conslniit jirossurc cycle. Authori¬ 
ties the world over have songlu to differentlate IkUwccu the Diesel cycle 
and the so-calli**! dual or niiNcd combu.^tion cvcie or Sahalhe cvrle in winch 

4 • 

the fuel is burned partly al coiistanl volnine and jiarlly at constant pressure. 
The high cflicieiicy of (he mixeil c\clc has also lieen proved in a practical 
fashion by si>ccific fuel c<»nsunipiton readings as hnv as 0.35 jiound per brake 
liorscjHover per hour which ha> e been obtained both by llrilisli cspcrinient- 
ers and Dr. Donier. Incidentally, it is interesting to note that, as num¬ 
erous authorities have tioinled out, an improved ihcriiial efficiency results 
from the use of the mixed cycle rather than the tiriginal Diesel constant 
jirosHure cycle. The cHiciencies oMained hy burning fuel at constant vol¬ 
ume, acc<»rcling i<» 'rricber arc given in iliagrain l‘ig. 8'^ II. 

Factors Making for Greater Reliability.—pin in W<iolson. after dif¬ 
ferentiating lietwccii the true Diesel cycle and the mixed coinhustion cycle 
found practical for aeronautic use, then made coiuiiarlsons with gasoline 
engines on the basis of rcliabilhv. The Diesel engine .scores heavily in 
respect to the two most iiiijiortant acccssi>nes of (he interual-conibustiun 
engines, iiHincly, igni(i<»n and carhuretion or fuel sti]>ply systems. 

Consiilerhig first the question of ignition reliability, in a nine-cylinder 
radial engine, there are tircessitaled two independout s«mrces of ignition 
current whether of the battery or magneto type. lwt» drives h»r these sys¬ 
tems, cigfiteen high tension wires, eighteen sparkjdugs and an ignition 
switch, comprising an aggregate of perhaps 1.000 iudividiia) parts. The 
Diesel engine ignition is furnished solely by the compression of the air 
charge and necessitates merely a smaller clearance volume in the cylinder 
as compared with the gasoline engine. No additional parts of any kind 
are required and continuous ignition is assured just as long as the engine 
is operating, whether it be for one hour or 1.000 hours. Furthermore, the 
ignition system of each cylinder is entirely indepemlent of that of the others 
80 that the niu%-cyiindcr radial Diesel can be said to have nine individual 
ignition systems, whereas the gasoline engine of similar type is dependent 
upon the functioning of two independent systems, each comprising a great 
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many frail parts Miitjoct Xn failure. in»l for^ettiii^ the possibility of the 
sparkplugs failing to function due to the presence of carbon or nil on their 
.surface. 

Comparin^^ the two tvfjc.s of cnijiucs now from the standpoint o[ fuel 
charije suiijdy. Fi^j. C lllusirales the next iin|)oriaiU advantage of the 
Diesel cn^jinc in llial each cylinder is furnished with an individual injection 
system, whereas the convenllonal iiine-cyliiidcr gasoline aircraft engine is 
dependent eillier on a sinjfle carlnirclor or on a triple-harrcl carhnrclor. In 
the case <»f the single carhnrclor installation, this is usiially complicated 
still further liy the need fi»r a rotary dislrihnlor of some kind or a low 
pressure supcrchar^^cr intcmlefl to ini|»rr»vc the distribution. 

Lubricating Oil Burned Instead of Carbonized.—( ainain Woolson then 
hrou^dU onl the fact that any escess of iMhncatint: oil in a trn^oline enjjinc 

combustion chamber is nalurallv con>ideretl extremelv mnlesirable, as the 

• ^ 

tempe rain res on the walls are not suHicnmlly lii^h to burn the oil com* 
plctely, rosullin^' in the formal am of carbon and irtmble willj sparkidnga 
(rfim this source, whereas in the Diesel eiininc the leinperaliirrs are C'>n- 
siilcrably hitjhcr ami. there bcintr invariably an e.xcess nf osy^jen available, 
perfectly clean combuslioii of lubricating' oil folk ms. While escessive oil 
consumption in a I >ie>rl is natnrally to be avtuded <»win^ lu the binh cost 
of iiibricatiut; oil as a fuel, neverlbeless it is interesting' lu renli/c that so 
far as the bdal weight of the »nl consnmed is concerned it matters \ery little 
whether this coiisisis of lubricating or fuel oil, so far as miles jier janiml 
of oil earned is concenicd. 


Diesel Cooling Not DifRcuIt.—From a coeding sland]ioinl the air-coolccl 
Dicsed engine presents far fewer prt»blcins than ibe air>c(Mi)ed gasoline 
engine. In the first tdacc. high cylinder liea<l lemperalnres. winch inu.st 
))e avrji<led in the gas<ilinc engine in onifr to prevent prcigoiilion and rlcloiiu* 
ti(m, oiVer no serinn> hamlicap to the Diesel engine ilesigner. Similarly, 
exhaust valve comliiions apfK^ar to be far more favorable in the Die.sel 
engine than in the gasoline engine, for the reason ibal e.vliaiiHt gas Icmpcra- 
lurc.s are consi<lci*ably hover, due to the high expansion ratio eniphiyeil and 
for the same reason there is a considerable dim inn I ion of noise due to the 
exhaust. 'I lierc is very little visible flame ejecterl from the exhaust i»orts. 
and it has been foinid i|nile feasible (<» lly the Slinson-1 lelroiter e<|ni|i]ied 
with the Diesel engdne without uxhau.st stacks or iiiiinifohls. thus eliminat* 
iiig' a knotty design ])rob1ein which is a cunUuuuus source id worrv to 
airplane designers. 

Diesel Engine Runs in Any Position.—An interesting jiuint of a<lvantage 
in connection vvilh a Diesel aircraft engine is the fact that it will operate 
successfully in any |>osttioii. AH carbureting' engines are dcpcnclcnl upon 
gravity so far as llic correct functioning of the carburetor is ctmcenieil, and 
consc<[iicntly the gasoline engine will not continue to run beyond certain 
angles of inclination dci>emlcnt upon the carburetor design. 

The acceleration of the Diesel aircraft engine is at all times excellent, 
regardless of the temperature comlitioiis or how long the engine has been 
idling. This is in marked contrast to gasoline engines, which inu.st be care* 
fully nursed on a long glide. cs]>ccially in cold weather, tn in.snrc the engine 
accelerating promptly in the event of full engine power being required 
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previous to makini? a laiKlini;. 

Diesel Engines Not Affected by Rain.—Am»thcr inlerrstin;^ point in 
connection with the <i|>cratu»n of a l^iosr) aircrnfl ciigino is that it is not 
affected hy rain or water in quantities which would seriously interfere with 
a gasoline engine. Pritnarily, of course, this is because there arc ua high 
tension electric currents to he short-circuited hy water, hut the <[uestion of 
a single carburetor air inlet also enlers. 

For example, in taking off with a seaplane it fre<|iicnlly happens that 
just at the critical instant when the piano is ahiuit to got up on its step 
and overy hit of available power is rr<|iiirod. cnnsidorahle water will lie 
either shifipotl into the carburetor, which on tlic average ,air-cooled engine 
necessarily will bo in a low and tlicrcbire dis.idvaiilagcoiis jii»siii«in. <»r the 
propeller will pick up water with the same result, and tlie engine will 
naturally ch<»kc and lose revolutions, necessitating a fresli start. 

A Diesel aircraft engine has been run for many lunirs willunit the slight¬ 
est flislnrbancc In excessively heavy ilowiuumrs, which wonhl uudoubtetlly 
c,ause serious missing, if not stopjiage, of a gas(»liiic engine. 

Diesel Inherently Reliable.—Orauling then that biith from an ignition 
an<l fuel-feeding stniulixunl ihe outstanding ndv.nutagcs of the l^icsel lie 
ill its inherent reliability. (*u]»lain \V<Kdson is prepared to consider the point 
that a single Diesel engine fdane ha.s all the reliability characteristics of n 
three-gasoline-engine plane. 'I'hc three gastdiue engines would each be 
e(pn|t]ied w'ith two ignition s> stems, making n total of six independent 
ignition systems, whereas the single Diesel engine with its nine cvliudcrs 
would have nine indej»eutlont igiiiliiMt systems with the added advantage 
that the Diesel igiiilion system reipiires no a<hlitional pari.s on the engine 
and each gasoline engine Ignition system consists of .several hundred 
separate purls. The three gasoliiPe engines will have three iude])emleiit 
carhnretiiig systctn.s: llic single Diesel engine will have nine iiideiiendent 
fuel injection systems, si* that here agndn on the sct»re of ridiability gained 
hv du]jlicatmg important cleinenls the Diesel engine jmsse.sse.s a wide margin 
over its c(*ini»etitor. Taking all things Into consideration, and without 
reference to the imtiortant aenslynamic ailvantages <d the single-engincti 
plane, it wmild ai^pear that the advent i»f the Diesel aircraft engine brings 
about the necessity for thoroughly reviewing the subject i>f single versus 
niulli-engined ]daiics. 

Captain Woolsoii then consi*lers other parts of the engine fnmi the 
stancl|HMiit of reliahilitv, aiul to do justice to this phase he <iiilliiics one new* 
distinction between the (tperatioii of the Diesel and the gasoline engine. 
Maximum cylinder pressures in the Dic.sel arc absolutely fjxeil by the de* 
>ign and these arc not vnneil ajipreriahly by a wide range of ilifl'ereiit 
fuels. Maximum cylinder pressures in a gasoline engine may vary over 
a range as high as three to one ci>nsidcring the ca.se of an engine detonating 
either due to a poor grade of gasoline, hot e.xhaust valves, hot .sparkplugs 
or over-heated cylinders. In other words, detonating pressures in a gu.soline 
engine appro.xhuate the maximum cylinder pressures of the Diesel aircraft 
engines, hut should he noted that the l^iescl engine is designed and 
ground-tcsteil to withstand these pressures over long perimls of time, 
whcrea.s the gasoline engine is invariably grotmiblesleil under ideal con¬ 
ditions with (Jetoiiation sujqiressed, On the other hand, it freipjently hap- 
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pens than an aircraft pasniine engine of relatively high compression will 
lie operated on coiumcrctal mc>tor gasoline due to inahilily to secure a sup¬ 
ply of aviation gasoline, and il thus l»ecomes necessary for the pilcjt to fly 
consi<leral)le <listaiices with the engine dcUmaling, or in normal operation 
detonation may set in <lne to failure <»f one ignition system, or other causes. 
These detonating ]>ressurcs in a gasoline engine, for which the engine is 
not designed, will invariahly result in serious damage to the engine if al¬ 
lowed to persist for any length of time. Piston seizure is quite common 
from this cause, and crankshaft failure by no means unknown. 

Reliability Reduces Number of Engines Required.-—The point 
cTn|iliasizcd in Captain Wool son’s paper is that the gasoline engine is oc¬ 
casionally abused cither through carelessness or as a result of an emer¬ 
gency, so that it is very liable to failure from this cause. The Diesel engine 
cannfit bo abused, as tbere is no way in which the o])Crator can increase 
the inasinuiin cylinder pressures over those nhich (he engine was designer! 
to meet. (Vniscqiiently, apart from consitlcnitioiis of ignition and carbnre- 
lion reliability, il may be necessary to employ three gasidine engines to 
provide the ulmosi dcjumdability on account of the fact that the engines can 
be abused ami Ut that extent arc not fool-pr<Mif. whereas one Diesel type 
with its rcfnited greater reliability will suflice, witliln reasonable limits, to 
supply power. Of course, if the airplane is a large transt>orl type, it may be 
necessary to use more than one engone in order not to concentrate all 
powcrplaiit weight at one i»ciint and to make i^rojier allr»wances for limita¬ 
tions in iwopcMcr tlesign. regar«lle'<s of the roinbiistion cycle cn>t>loyed. 

Economy of Diesel Engine.—A very inslrnctive table w,i5 presented by 
Captain Wmilson to show the relative c«»st of one brake horse)>ovver with 
vafimis fuels in ilifTereiit tyijcs nf iiitemabcombustion engines and shows 
the nn(|uestif>iied cconinny cd the Diesel compression igniition cycle. The 
tabulation folhnvs: 
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In the final analysis any transportation system must jusfify its existence 
on economic groun<ls, ami the c<ist of ojjeratirm of a single-Diesebengined 
plane as comp,ire<l with a three-gasollne-rngined plane must he in the order 
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of at least one to four wbicb constitutes an inducement which no trans¬ 
portation executive can afford to ij^iorc. 

Summary of Diesel Advantages.—Sumininjr np, Captain ^Voulsoll states 
the advantages of Diesel engines for aircraft may l)c covered in the follow¬ 
ing statements: 

1. The Diesel engine is inherently fur more reliable than the gasoline 
engine because: 

(a) The electrical ignition system is entirely eliminated. 

(b) A separate fuel injection means is applic<l to each cvlimler insuring 
maxininni clcpendabilily. 

2. The fire hazard is reduced to the uhsointe mini mum. 

3. The specific fuel consumption is rediiccjl about twenty per cent. 

4. The siiecific fuel cost is reduced alMiul 70 per cent. 

5. 0|)cn exhaust ports, eliminating the weight and drag of exhaust mani¬ 
folds, are permissible, both from noi>e and night Hying vision stamlpoiiits. 

6. Engine o])eralion is mi alTcctcd by temperature or humidity condi¬ 
tions; flexibility of cimtrol is assnrofi at all times. 

7. Eadio interference is eliminated. 

8. Uasic reliability of the Diesel engine jn.stifies a reduction in ibe num¬ 
ber of powerplants in large plaiie.s ami presages a consei|nent important 
reduction in the cost of maintenance and (»]>cr:ition of commercial air trans¬ 
portation facilities. 

An Important Disadvantage.—On the basis r»f power out]>ut per unit 
of pist<iu displacement the Diesel aircraft engine falls considerably short 
of the best gasoline engine practice, l^xpressetl in other terms, brake mean 
effective pressures as high as LfO to 14() ismmls yvr stpiare inch are readily 
obtainable in well-designed gUMdiiic engines, whereas 100 to 110 pounds 
brake mean effective pressure can lie considered a good achievement wdlh 
a high-speed .solid fuel injeetkm oil engine. However, in this connection 
it should be borne in mind that these latter figures apply to the rated power 
output of the Diesel engine which it is cn|>able id sustaining for hmg periods 
and which takes into cimsiileration the need for |)er1iaps 25 per cent excess 
air over and above that reipiiriyl to fiiruisb suflicicnt oxygen to combine 
with the fuel and thus insure complete combustion. 


QUESTIONS FOR REVIEW 

1. How do inlcndc^l for dtiigildc difTrr from uindanc 

2. How arc numntrd in dirigibles? 

3. How is water h.dlust oUUincd from cxhaiut gas’ 

4. Describe rcverMiig feature of Maybach iliriKible ruKine. 

5. Why is it iH>ssibk to use reverse gears on dirigibles and luit on air)>)aiies? 
U. Outline constviiclbn of I’ackard (briKible eiiRine. 

7. How much power docs a dirigible need? 

8. Describe advantage.. u( Diesel engines for aircraft 
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UNUSUAL INTERNAL-COMBUSTION POWERPLANTS 


Two-Cycle In-Line Type—Two-Cycle Vce Type—Rotary Two-Cycle Engines—Piston 
Distributor Two-Cycle Engine—Early Static Radial Engine—Variable Compres¬ 
sion Rotary Engine—Double Acting Rotary Engine—Double Rotary Engine- 
Barrel Type Engine—Fan Type Engines—X Type Air-Cooled Engine—Engines 
with Integral Cooling Systems—Engines vrith Built-in Cannon. 


In llu; course of Ins j»rofcssif»nal jiraclicc. the author has htvl mnnernus 
Hcstjjiis of engines suh]iiit(c<l ti» him f<»r analysis ami rcjMirt hy sanguine 
inventors who hclicvc (hoy have tlihcovcrct! s<*inc new ]wiiici)»Ic i»r arraii(le¬ 
nient of j>ar(s tliat will fjivc much superior results to llic conventional ar- 
rani^emciUs uscil l>y the dcsi^'iuTs of the engines crmnuonly cm ployed. In 
most cases, the designs suhmtllefl not only have hatl no arlvanlaj;cs but 
were more cr»mplicafc<l in ctmslructiori or less efficient than the tested and 
well developetl desij>ii^ tlescrihctl in prcTcdiiijj chapters. 

Several principles arc very attractive In invcnti»rs and the same thing 
is often inventeii over ami over again. One of the iuo>»t attractive types 
to receive con side rat hm i.s ilic Iwti-cycle engine in its various {(»rMis. J*'n- 
pines of the in-line tyjie and holli static and rtitary radial i\so-cyclf forms 
continue to receive at tent mn. 'rhen we ha^c inventors wlio believe that 


combining the water ciHiling svslein uith the engine withmit n.sing a sepa¬ 
rately nionnterl radiator will simplify the assembly. Another grinip si‘encls 
much time and elTt»rt designing various tvpes of barrel engHnes in which 
a more comimct grinifiing of the cjlimfers than is jxjssibic with the usual 
radial arraiigemciit is smigdit. It is the writer’s opinion, base<l on consider¬ 
able research \\<»rk. that it uill be diffietiH for an inventor to fiml some 
form of ciignnc or csliiicler arrang^*ment that is not already patetilctl or that 
has not been rcduce<l to practice. In this chapter, variems unusual forms 
of engines that have been built and tried,*some with cfinsi(lrral>lc success 
and others that have developed grave faults will be illustrated and hriefty 
flescribe<l for the benefit of the student-engineer an<l the i»raclical man who 
has inventive genius. 

Two-Cycle In-Line Type. —One of the types that seems to be very at¬ 
tractive to inventors is the two-cycle of the three-port type, with or without 
rotary distributor valve. These arc by no means new as the Roberts 100 
horsepower engine shown at Fig. ^XX) was built during^ 1911 by Mr. E. W. 
Roberts, one of the pioneer engine designers at Sandusky, Ohio. These 
early engines had alloy cylinders made of Aerolite metal ami were of the 
usual three-port type. The Miwlel 6X illustrated was a later form and had 
six vertical cylinders of five inch Ixirc and stroke and devciopet! 100 horsc- 
pow er at 1,200 r.p.m. The weight was said to be 350 pounds or 3.5 jmunds 
per hoTsejmwer. The cylinders were ca.sl irmi with integral water jackets 
and alumiinmi pistons were u.sed. The crankshaft was suii^mrled hy seven 
plain bearings. Two carburetors were used, one for each three cylinders 
and ignition was by battery or magneto. The fuel consumption was given 
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as .63 poll I ul A per horsejKiwer-lifjur uinl oil omsuminion was given as .047 
poumis per horscpoiver-hnnr. A uiiin 1 >iT of snreessfu) llighls were fnade 
with these engines aihI they were aisn iise<l for nn^lor Imal racing. Tlie 
large fuel consntnptinn was a (lisadvaiitagc as well as the fact that after 
such engines had run ciKmgh to wear the main hearings, the crankcase 
) pressure was re<lncc(l ami prompt hyi»HS.s of the gas from the crankcase 
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Fig. 900,»The Roberts Sis>Cyhnder TwO'Cycle Airplane Motor, an Early Form 

that Made Succasaful Flights. 


lo the ryliinlcr was hucrfcrcd with. These engines were reiihicecl l*y lighter 
ami inc*re enicleiil |H»werptaiils r»f llie fmir-c\cle type. 'I'he engines were 
vrmMdh rnrnilng ami t)ie six eiliihlcr fnrio sTuomi gave Ihe same ntiinher of 
nnpnlses jier crankshaft revnhition as the twelve cylimler four-cycle did. 



Pig. 901 .—The W.B.B. Pour-Cylinder “Vee** Two-Cycle Air-Cooled Engine Designed 

s for Sperry Aerlel Torpedo* 


Two-Cycle Vee Type.—-The tw'r»-eycle engine shown at Fig, 901 was 
known as the W.B.n. It was deslgne<l hy C. Haroltl Wills of Detroit dur¬ 
ing the war and was intended htr a special aerial torpedo, wireless con- 
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PISTON DISTRIBUTOR ENGINE 




trolled, that was experimented with by the Sperry Gyroscope Co. To 
secure Hght weight, the engine was cniisiructc<l largely of almninum, the 
air-cooled cylinders having Imcrs of steel pressed into place. There is no 
record of this engine having been fitted to a passenger-carrying airplane 
though the aerial torpedo it was designed ftir was an airplane having a 
capacity of 250 pounds of explosive. 

Pistoii'Dtstributor Engine.—A piston distributor and a special type of 
deflector assuring a high degree of turbulence arc among the features of a 
Iwo-stroke engine produced by the Frauctm Co. of l*aris. under Chedru 
patents and described in /Intontotitv lu<iusiru\s, Ttic engine is a four- 
cylinder of 61 cubic inch piston displacement, having a bore of 62 milli¬ 
meters and a stroke of 82 nttllitneters. The fresh gases are admitted and 
the spent gases are exhausted through j»orts unc<»vcred by the power pis¬ 
ton. 1‘bis latter is fitted with a <leftcclor of such shape that, ns will be 



Pig. 903.—The Predenckson Roury Two-Cycle Radii] Air-Cooled Engine Wii an 

Unusual Dedgn. 

seen from the drawing at Fig. 902 it sel.s up a high degree of turbulence in 
the combustion-chamber. The <!ctachable cylinder head is spherical and 
completely machined, and has the sparkplug inclined in it. It is claimed 
that this feature alone results in a considerable increase in power and 
greatly im)>roved slow runtiing comi)arod with the normal type of deflector. 
While the form shown has been <lesigned for autom<»bile use, modifications 
of this design have been proposed for aircraft. 

Crankcase compression is avoided, and as a consecpience a normal type 
of high pressure hibricatioii can be adopted, by the use of a piston dis¬ 
tributor putting the carburetor into communicali<m with the intake port. 
For the four-cylinder engine there are tw'o such distributors, driven by ec¬ 
centrics off the trankshafl. These tnstons operate in supplementary cyl¬ 
inders, having a bore of 90 millimeters, inclined on one side of the engine, 
and are of the double ended type. Both the upper and the lower faces are 
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perforated, the (^ases entcrinjj l>ehind the riii^, passing through the holes, 
thus being aloniized and then iiilfi the conihiislion-chamljer. The upper 
face f>f the piston connnutiicalcs with one cyliinkT, aiul the lower face with 
the c<Mii]inniou cylnider. The euRinc has a compression ratio of 5.5. 

Rotary Two-Cycle Engines.—A mniiher of de.signcrs have huilt rotan' 
iwo-cycli: engine.^ and ingenious methods have heen used to secure the 
com press it >11 ncccs.sary to in.snre gas transfer from one end of the cylinder 
to the other without using a »ui>crchargcr or separate air puui]). 





Fig. 904.—K«ar View of Ajax 80 Horsepower Rotary Radial Two-Cycle Air-Cooled 
Motor Showing Supercharger Case, Magneto and Carburetor. 


The Frcdcrickson engines, one of which is shown at Fig. 903. built at 
Bloomington. Illinois, were Iwo-cyclc air-cooled r(»iary engines of five and 
ten cylinders and known as McmIcI .^a and Alodel 10a. ^c^pcc^ivel)^ The 
bore was 4.5 inches and the strike 4.75 inches. The five-cylinder engine 
was rated 70 horsepower at a iu»rnial sjieed of l.OOO r.ji.m.. and reported 
to weigh 180 poniuls, ttr 2..S7 pounds per rated horsejwwer. The total dis- 
placeineiil was 377.7 cnhic inches. H'he lcn*cylimler nuxKd of 755.4 cubic 
inch <lisp]aceineiil was rated at 140 horsepower. The cylinders were 
made with integrut ctsding fins from cast iron and KuptH>rted from 
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the head by steel nnls. The crankcase cnntaiiic<1 the curvet! seals for the 
valves which close*! ihe inner end ot tin* cylinders. I’lic valves cxlended 
Into the cjdiiuicrs and were o|>erale<l by the nscillatiiiK’ nu»lit>n <d Ihe con- 
iiecliiiR roih wliich i)asscd through them. The was drawn from the 
carburetor through the crankcase and tiscillatinj; valves into the inner end 
of the cylinders, There was nn compression in the crankcase, the being 
compressed in the inner entl of the cylinders and transferred by means of 
a l>ypass to the outer ends where it was compressed and fired in the usual 
manner. 


I he Aircraft Holding Corp., Los Aiigtdcs. Cal.. Ls prixlucing a new type 
of radial air*cotdcd aircraft niotiir. 'flic 120 hnr.sciMOvcr size kni>wii as the 
’'Atlas” is a rotary ratlial having eight cy I in tiers ami weighs with its super¬ 
charger 2^0 jH>imds. Thi.s size wa> decided on to provirle a imHlcvatc-priced 
pow'er])laiit for an airplane which wull carry three pci^plc. a small unmunt of 
iuj^age, ftmr lumrs* fuel and ha\e a ceiling of (eel. 'I'he secom! size 

shf»w'n at J**ig- 9CU is known as the **Aja\.** Tins t.s a six-cylinder 8() ht»rsc- 
]>o\ver size for the pojnilar J%un*peaii light plane types imw in extensive 
use as in.strticlion machines, lining club C4|uipnient and t>lcasure planc.s 
for private owners, Sucli t>pcs usually carry lwi» pc«>jde ami have a gaso 
line coiisumptitm of from fourteen to Ivveiily miles j»cr gallon. 

These engines t»jierule on the tsvo slrokt* principle, each cylinder giving 
a jiovvcr stn»kc to llic pr<»|>eller shaft c\ery time the jii.sttm rises to the 
hcritl iti the cylinder, 'fhis makes a total id eight power strokes ]>er revtilu- 
tion In the I2t> liorscpi»wer size as ag;iiiist half this number b»r a valve 
motor having the same number of cyhn<lers and working <m the foiir-stnike 
]>rinciplc am) six on the size illustrated. 

Due t<J the absence id valves ainl extrusive cylimlcr head mcchaiiisius 
the motor has a lUleeii jicr cent sniaUer overall diameter than an cipiivalcnt 
radial nioli*r having vaivc.s. 'flic entire absence of openings in tlic cylimlcr 
heads eliminates the jmssibility id idl e-caping ami Ciwering Ihe occupants 
<d the plane. 1‘he cylinder heuil is machined integral with the barrel, the 
iinly ojicnitigs being the sparkjilng lu»lcs. 

.SpeciiicaliiMis on the ‘’.Alias” pre as billows: bore. 4^ inches; cITcclive 
stroke, 4*bi inches; full stroke, six inelics; cmiipressinii ratio, SJ to 1 ; r.p.in. 
1.250: weiglit 2U) iHuinds. (iusoline cc»iisnnit>lnm averages .52 iiints per 
liorscjiowcr Imur. Oiling is by force feed from a lnt»le iiutlct pump, t»iie 
lUitIcl forcing oil ti> the main ancl conuecliiig ri)d bearings, another t<» a 
sjiray in the crankcase while the linni forces an oil s]>ray into the super¬ 
charger, causing the iiiC4»ming mi.xtnre to be salnralcil with ml before enter¬ 
ing the cylinders, This cltmnialcs tbc early practice (d mixing oil wdlh 
the gasoline for tw'o-sln>kc nioUirs which has been found to cause car¬ 
buretor trouble oil account <d the heavy oil necessary for air-cooled motors 


filling up the jets of the carbnreh»r. 

An Early Static Radial Engine.—Some *d the designers of early engines 
incorporated many features that wore used in later engines. The engine 
shown at Kig. 905 include*! in its design an indnclum system that is now 
recognized as the best for large ra*lial engines and uIm* had a b>rm of cowl¬ 
ing built integrally that recent tests an*! development by the National Ad¬ 
visory Coniniitlcc for Aeronautics has dcinonslralc<l to he an almost ideal 
form for radial air-cooled engines ami to greatly reduce drag. 
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The Smith radtal air-cooled engines were designed and built by Mr. 
John W. Smith of the Static Engine Company of I’hiladelphia, Pa. As a 
means of reducing weight through the omission of large counter-balances, 
ten cylinders were evenly disposed in a single plane about a two-throw 
crankshaft. 1 m vc slipper type connecting r<«U with “H’* sections operated 
upon each crankpin. Since the plane of the cylinders was midway between 
the crankpin ccniers, the axes of the rods in each set were inclined to the 



Fia> 90Sv^An Escpcrimental 300 Kors«power Ten-Cylind«r Smith Static Radial Engine 
Designed Some Yeara Ago Had Rotary Mixture Distributor and Very Effective 

Cowling Built Into the Engine. 


plane of rotation. The steel cylinders had integral cooling flanges, and 
concentric type valves were fitted co-axially in the head and operated by 
two push rods and rockers, A hole in the cylinder wall near the end of 
the stroke served as an auxiliary exhaust port. The engine was throttled 
by controllitig the closing uf the inirl valve in rcluiion t<1 piston position. 
The principal feature of the Smith engine was the induction system, which 
consisted of a rotor with blades turning at crankshaft speed in a crankcase 
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compartment connected hy induction pipes leading U» all ten cylinders. 
The pipes extended into the mixture collecting compartment for a* short 
distance to prevent coinlensation draining into llic lower cylinders. The 
action of the rotor was to break up liquid globules and provide a uniform 
mixture delivery. The en^ne shown had a total displacement of 1.543.7 
cubic inches and wa.s designed to devcloj> 31)0 horse)H>\ver at 1,600 r.p.m. 
The bore was 5.S inches, the stroke was 6.5 inches and was designed to 
weigh about 3.36 pounds ])er horsciniwcr. Concentric inlet and exhaust 
valves were used, the inlet seating into the exhaust. Trunk type cast-iron 
pLstons were used. The rca<kTs attention is directed to the liberal use of 
i>all and roller bearings thrcmgbonl. The design can be crilieixed because 



Fig. 906.^The DimbUne Rotmry Radial Air-CooUd Four-Cycle Engine Ineorporeted 
the DUtmetive Feature of Having Mechanifim to Vary the Piston Stroke and Com* 

prtceion of the Engine. 

of the use of off-*et or angularly placed connecting rods and it is doubtful 
If the shoes at the erankpin ends of the connecting rods were adequate in 
Hixc for endurance. The engine had a number of very interesting refine¬ 
ments worked into it. as auxiliary exhaust iK>rts at the )>asc of the cylinders 
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discharpintj \n\o tlif c'^baurt of the gases from main exhaust 

in theVyliiHler lieml. This design was very coinmeiulahle. even in the light 
of our i>rescut knowledge and showed tliat the designer ha«l a good kiu»\vl- 
edge <tt the features of design necessary in radial air-cooled engines. 

Variable Compres&ion Rotary Engine.—An expedient sometimes ad- 
vised 1>y engineers to avoid the use of supercharging at altitudes is to use 
variable coinjiression within the control of the pilot, the idea being to 
operate at low altitudes an<l dense air with a lower compression than at high 
altitudes where the air is thinner. A niiinher t»f incchanisins have been dc- 
sip»r<( to accfunplish this object, but experience has i>roveu tliat the efTecl 
is not the same ns with a sii]H*rc1inrger and tliat full charges can be obtaineil 
liesi liy pumping in I lie mixture liy a separate i»iiinp, rather than depending 
on the |min|Mng elTect of the engine pisl<M> to fill the cylinder, Snrli engines 
that have been <lcsigned ar<»nnd ilic principle of vartaldc compression have 
iKd receivcfl practical application. 

1*hc Danjblaiic ele\ eii-c> linder variable compression rotary engine 
**lio\M> at I' lg. was luiilt in !•*ranee during 1018. The bore is 126 milli¬ 
meters (4.% inchesl. the .stroke niillitnelers (.'1.01 inches), and the tidal 
ilisplacenient 1,250.6*) cubic inches. The eiVecli>c hi>rsc|MHver is stated to 
be 240, the usefid hi»rset»ower 22t), and the fuel Ciiiisiimplion .575 poumls 
jier useful lwirse|Mi\\ er-lnuir. The nrirtnal c<nnpressiou ratio is 4.8 to 1 anri 
vhe niasiinum cmnjircsNiou ratio seven ti> one. the variatum being accoin- 
jjlished by changing llie length of the stroke. An eccenlnc huslniig on the 
craiilsfiin is tiirncfl llirougli gears by a shaft cxiendmg ihrongh the hollow 
cranksliafl. The single-throw crankshaft is made in two maior parts ami 
iiitmuted on ball bearings. Steel rylimlers with integral ctKiling fins are 
iille<l with liners and held in tdace by threads and lock nuts. The single 
inlet ami exliausl valves tjf each cyhifler are n]ierale<l through tnisli nuls 
ainl Hickor arms. The connecting rods arc of the ariicnlatr<l tvi>e, ami 
tlie )>iston,s are fitlc<l with three rings. The bushing for the piston inn is 
locked in the roil. The igiiilion is Mit»idied by two magnetos. I'lie dry 
wciglil IS rejiorted to be 441 jioninls. ami the <iutside cliamctor 40.16 inches. 

Double Acting Rotary Engine.—Aindlier ]>rincijde that has been at¬ 
tractive to inechaiiical engineers and <lesigmTs, csi»eci:dly those familiar 
with steam engine practice, has been the double acting engine wherein use¬ 
ful work is produced on luiih sides of the piston. 

Me.ssr,*i. I lemon I of Pnleaux. France, have const met eil several rotary 
engines, the first of which aiijicarcd as early as 1K')6. An interesting De- 
inont engine, exhibited at the Fans Aero Show of 1615. shown at big. 907. 
sva.s a six-cylinder doiilde-acling air-cooleil rotary' ithkIcI rated 5tX) linrse- 
jjower at 2,060 r.isin. The low weight power ratio <»f .75 i»oiinds jier liorse- 
1 lower w.as claiined. 'Hie bore was 17.5 niilliinetcrs (6.8*) inebes), the stroke 
86 millimcter.s (.5.15 inchesj. and the total displacemenl 704.7 cnliic inches. 
The overall diameter wsjs approximately 30 iiiche.s. The crankshaft was 
fixeil and the crankcase and cylinders r<itnted about it upon hall bearings, 
an external ball bearing being provided at the propeller cml to relieve the 
cranksliafl of any liendiiig loa<l due to overlmnging wcigjit. The exhaust 
gases were dis|H»scd of in front. As the engine wa.s doulde acting, two 
condnislioii-chamliers ha<l to he tmividcd and inlot and exhaust valves 
placed at both upi>er and lower ends of the cylinder. The valves were 
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Pig. 907.—The Demont Engine Was an Unusual Double Acting Roury Type Using 
Air-Cooled Cylinders Working on the Pour-Cycle Principle. 

provided an avenue of cscajKJ for considerable lubricating oil as the engine 
revolved. The air flow was assisted by cenlrifuK^'l action due to cyhndcr 
rotation about the crank axis an<l a baffle plaic was |>lace<l in each working 
piston to direct the air to the surface.s having tlic moal heal. The connect- 
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ing rods were made hoH<»\v and the crank] nn ends were forked» each having 
a different wulth and were siriint'along a hushing that was supported from 
the crank]nn by two hull hearings. This arrangetnent provided that all 
the cylinders could be kept on the same plane, greatly simplifying the valve 
action. In this engine, six inijMilscs occurred at ecjual intervals during each 
revolution. A single high tension, tw<i spark magneto was driven at three 
times the engine sjicecl and u sj)arkpUig was placed in each valve pocket 
to give two st»urk ignition. The fuel mix I lire was sut>plied by a mixing 
device attached to the fixed crankshaft at the anii-propeller cud and passed 
through a series td ]n»rls into an annular chamber .surrounding the enlarged 
crankshaft. It was siij)plietl lo (be valves hv hollow tubes joining the valve 
chambers to the inixtnrc collectitig annnlu.s. 



Pig. 908.—The E.J.C. Enfine Illustrated Above Wat Known as a Double Rotary 
Becauae the Crankshaft Turned in One Direction and the Crankcase and Cylinder 

Assembly in the Opposite Direction. 

Double Rotary Engines.—Most rotary engines have a fixed crank and 
rotary c> lindcrs but some <lcsigncrs have attnckiHl the problem in u different 
manner .and have hud hoXU the cylinders ami cranksbafl revolve, at different 
sjK'Cfis ami li» each other. 

Tlic E. J. C. engine sli<»wn at Fig. 908 was a six-cylinder air-cooled 
doulile-rotary ty|K5 of 100 millimeters hichr.s) lx ►re and sln^ke. 'I'wo 

pro])ellers were usc<l. one siij»|H)rtcd to the craukca.se and Innihig normally 
at 800 r.]).m. and the other attached to the crankshaft and turning at 1.200 
r.p.m. in the ojiposite direction. This gave a relative sjiccd of 2.000 r.p.m. 
at which the engine was rated (lO linrse|>nwer. The weight was stated to 
be 185 jiounds. or .‘^.08 ]ioiuuls per rated horsc]«i\ver. The position of the 
cam plate and high tension dislril)Utor was controlled by planetary gearing 
at each end. Plain Xy\K connecting rwls were arranged side-by-side in 
threes on each of the two crank{>ins. Roth valves were li»cated in the 
cylinder head and contrcdled from the cam ring by push rods and rockers. 
A pipe to the inlet valve of each cylinder directed the mixture from the 
crank compartment which was supplieil by a carburetor mounted on the 
end of the hollow crankshaft. A icn-cylindcr 100-horsei)owcr engine of the 
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same type is reported to have been bn ill. SikIi engines arc not popular for 
various reasons. There is considerable merhnnica] compticalion and the 
use of two airscrews mounted so there is luuUial interference is not desir¬ 
able or efTicietit. 

Barrel Type Engines.—A compact cylinder arrangement is obtained by 
barrel type engines and a mini her of designs have been worked out and 
tested, both in this country and in Kiiri>pe. The Muconiber engine shown 
at Fig. 909 is an American design having seven air-ccKilcd cylinders with 
their axes parallel to each other and to a central .shaft. These engines are 
radial engines, the clifTercncc between them and the types tirdinarily used 
being the horizontal flispnsition of the cylinders. A peculiar “wobble" 
plate niechanisin replaces the u.stial crankshaft arrangcnient. Hall and socket 


CoAn#ctint rod 



909.~A Typical Example of a "Wobble" Plate or Barrel Type Engine. Known aa 
the Macomber. Waa an Air-Cooled Rotary Form. 

j<Mnts are placcfl at each end of the ccuniecting ro<ls jiiincd to tlie pistons and 
the angnlarlv dis]M»scd i>lule which revolved with the cylintlers. The pis¬ 
tons arc reciiirocatccl becansc of the aiigularily of the wcjbhle ]>late. Special 
means were provided for varying the angle of the wobble idatc. llicrcby 
ciTecling a change in the Icngih of stroke and the coinpressiiin ratio. Ball 
Ijcarings wore used throughout. The valves w'cre located in the cylinder 
bead, the inlets nearest the center and the exhausts U* the outside, and 
operated from a single rocker, pivciieil between them, which had one end 
Sliding in a central groovctl cam. It is stated that the "wobble" plate 
mechanism has greater power los.s than the it.snal crank pin arrangement 
and as a consetpiencc the mechanical efficiency of such cnginc.s is consider¬ 
ably less than the radial types having vertically ra<liatiug cylm<lers and 
the n.sual crankpin. The mixture is intro<luced through the hollow drive- 
shaft, which comnnniieates with a small annular chamber to which the 
inlet valve cage^ arc c<intiectcd by short pii>cs. This type of engine was 
applied to an anUmiobile Imt the writer ha.s no record of its use in an air¬ 
plane. No performance figures are available. 
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Pif. 910.~Th« Cleveland Aviation Engine Was an Unusual Barrel Type that Used 
Short Cranks and Bevel Gearing Instead of a **Wobbie" Plate. 

Atifitlicr \y\*c of ham*! has railially placet! cyliiulrrs in horizontal 

relnlion hut instead iif the **vv(ihhic'* ]d:itc nicchaitism. the pistons are re- 
ciprocated hy short cranks, driving a central shaft throuith hove) gearini; 
as indicated at ^>Hl The ( levclaml iMigines, <lcsigiicd hy Walter (*. 
Willard, wore \va(cr-ciM»lcd harrol typos )daniied so that many of the same 
parts conlcl he nsod on a mnnher of si/os ranging from 100 to TiOO horse- 
1 lower. T'hc MimIoI 4 desenhed ainl shoMii at I'ig. 910 was rated at 150 
liorsopowiT. This was a .sis-cylhider engine <»f five inch horc, six inch 
stroke, and TOTi.Wi ciihic inches total ilisplaceinetil. The propeller speed was 
reduced toonc-lialf that id the craiiksknft. tliorehy luTtniriing the cams to 
he nnmuled iijion the jiropcllcr shaft. There were six single-throw crank¬ 
shafts having liove) gears meshing with a large “hnll giar.*’ 'I'he engine 
was InliricaU'il liy feeding oil on ihe**hnl1 gear*' wliere it was thr4»wn ahont 



Pig. dll.^The Experimental Wherry Engine Waa a Rotary Type Having Oppoaed 
Air-Cooled Cylinders to Arranged that it Waa a Double Barrel Form. 
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so as to properly lubricate all the other jvirls. Ball heariiiKs were used 
throughout. A combined cylinder hca<l and intake manifold was cast from 
abiminuni, while each cylitidcr barrel was of steel tubing with the sparkplug 
bosses and water jackets w'clde<i in place. 

Still another form of doid)1e barrel engine is shown at Fig. 911. This 

an experimental air-cc«j|cd roiar)' barrel l.'pc engine 
constructed in England during 1916. Op|Hiscd cylinders, each pair of cyl¬ 
inders having the pistons r€ciprocatc<] by a single craiik|>in and wilb over¬ 
head valves arc placed around the cciilral shaft. The valves are achinted 
by cam rings, against which roller followers inouutc<l on tlic valve stems 
bear directly. No barrel type ciigmcs arc used at llic iircscnl time for 
either alrjJunes or aiiUmiobilcs ami these h;ul the s;um* tlisiul vantages as the 
usual form of rotary engine'^ that iuililalcd against their j>raclical applica¬ 
tion. 



Pig. 91?.—The R.E.P. Pan Type Motor Had Five Air-Cooled Cylindera Spread Out 

ai Shown Above the Crankshaft. 

Fan Type Engines.—An arrangcnieiU for stationary cylinder motors 
that was fonncrly pojmlar is illiMrale<l at l*‘igs. *>12 and 912. These air¬ 
cooled fan type engines were roust riictrd )*y R. JC. I Viler k* in France as 
early us 1910. Tlii.s inventor is nl>o crc<li(ed witli the design of the modern 
stick control svsleni used on most imnlcTii light and iiie<hum capacity air- 
plane.s. A five-cylinder engine, rated twenty horscjiowcr at l.-KX) r.p m., 
had an 85 millimeter (3.35 hidn lH»rc, 95 millimeter (.3.74 inch) stn^ke, 
and a total displacement of 164.8 cubic inches. The cylinders were made 
from cast iron with integral ccK»ling fiu.s, and were so staggered tiiat all 
five operated about a single-throw crankshaft. The complete weight of 
this engine was staled to Ik* prnmds. or 4.12 p<iunds per rated lu>rsepo\ver. 

A seven-cylinder fan ty]>e. with cylinders of the same dimensions and 
therefore having a total displacement of 230.72 cubic inches, was rated 30 
horsciM>wcr at 1.400 r.p.ni. Four cylinders were forward and three to the 
rear, each with articiilale<l connecting rod assemblies which worked upon 
a two-throw craitkshafl, The weight was slalc<l to be 114.5 iHuinds, or 3.81 
pounds per rated li*»r.sei>ower. A ten-cylinder fan tyjie engine, a double 
form of the twenty horsepower imulel and having a total tlisplaccment of 
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Flf. 913.~TrintverM and Longitudinal Sectional Views of the Seven*Cylinder R.B.P. 

Air-Cooled Fan Type Motor. 















X TYPE AIRCOOLED ENGINE 1901 

329.6 cubic inches, was rated 40 horsciwwer at 1,400 r.p.m. This engine 
employed a two-thmw crankshaft, and was fitted with a double magneto 
and two carburetors. The weight was said to be 158.5 pounds, or 5.96 
pounds per rated h()Tscpowcr. The double form of the 30 horsepower 
model, with fourteen cylinders and a total displacement of 461.44 cidiic 
Inches, was rated 60 hor5e|H>wer at 1.400 r.p.m. and said to w'eigh 216 
pounds, or 3.6 pounds yvr rated horsqx^wer. 



Fig. 914.^A Sixteen«Cylinder Air-Cooled X Form of Engine Known as the Viking 
Provided a Compact Cylinder Arrangement that Lent Itself Well to Direct Cooling. 

X Type Air-Cooled Engine.—The arrangement of cylitnlcrs nrouiul the 
crankcase in the form of an X lends itself very well to engines having an 
even number of cylinders such as eight, twelve, sixteen <ir twenty-four. 
The angle is not always 90 degrees between cylinders, however, senne en¬ 
gines having 45 degrees between the banks comprising the upper and lower 
assemblies and 135 degrees between the center lines of the right and left 
upper and lower cylinders respectively. If the angle between the cylinders 
at the top and hottoin of the X is 60 degrees, then the angle between the 
lianks at the side is 120 <lcgrees. The symmetrical form shown at Fig. 914 
has all hanks of cylinders .sef^arated by an angular distance of 90 degrees. 
The engine shovyr was built in 1919 at Detroit, Michigan. The arrange¬ 
ment of cylinders lends itself well to air cooling. The Viking engine had a 
3.25-inch bore, a four-inch stroke, and a total displacemcni of 530.88 cubic 
inches: and was said to develop 140 horsetHwer at 1.600 r.p.m. 
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The cylinders with intei^ral cooling' flajufcs were constructed individually 
from scmi-sled. and attached to (he aluininuin crankcase by four flanjfc 
holts and four lun|f himliiip holts. The crankshaft was of hiiilt-up construc¬ 
tion. annular hall l>earint*s hciiifj used throuKhout. There were eipht crank- 
throws, eleven main hearin^js. and sixteen cfuincctinu ro<l hearin/^ since the 
cf meet 111 rods were arranged side hy side on the crankpin, A camshaft, 
situated in both upper and lower V'ees, operated the inlet ancl cxhau.st valves 
in each cylinder head thronj»h push rods and rockers. Each valve had a 
clear opculni^of 1.4375 incliCN ami a .312.5 inch lift. The pistons were made 


Air 
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rotor 


Fig. 915.»The Prayor>Miner Blower Cooled Automobile Engine Was the Parent Type 

of the Pipe and Renault Air-Cooled Aviation Enginea. 

from ahnninum. T.uhriraiion was prriviilcd hy spray from the upper hol¬ 
low camshaft that was supplied with oil umlcr pressure from a pump, An¬ 
other junnp was cuiployc<l li» scavcnjjc the system, and the i^juilion was 
furnished hy Dixie niaipielos. The lolnl \vpii»lil oi the engine (completely 
equip]H*d) wris rej)ortc<l ti> he 30fi ^Miuiids. or 2-H3 ]>oun<ls per rated horse- 
])ower. n iic fuel consumed per hour was said to he ai>prnxima(cly .30 pounds 
at 1,400 r.p.m., and 3^^ pounds at l.fitX) r.p.iii. 

Engines With Integral Cooling Systems.—The simplest form of self- 
cooled engine is that air-cotded form having a hlower to produce an air blast 
around the cvlimlers. This conslruclion makes it |iossihle to mount the 
engine out of the propeller slipstream, which may he desirable in some 
poworplant locations, such ns f<»r wing or fuselage interior mounting. The 
writer feels sure the reader will he interested in the early engine shown at 
Fig. 915, which illustrates the Frayer-Miller automobile engine with a 
geared drive blower. While this h»rm of engine was not applied ti> air¬ 
planes. it served as a model for the ]*ii>e ami kenauU aircraft engines and 
all other types that iorcc a c»M>ling air blast through sporial conduits and 
cylinder jackets which is priKhtce<l at con.siderahle pressure by the rotary 
(an. 
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Some designers of watcr-onded engines built their motors with the 
radiator (or cooling the water attached directly to the water jackets. Gne 
of these i.s shown at Fig. 9U>. This method of con.stniclicm wu.s practical 
with in-line motors when it was ciist<»mary to cx)»nsc the engine to the air 
stream but it would not be faviirc<l at the present lime when every effort 
is being made to reduce the ])arasitic resistance by cowling in all po.ssihle 
])arts of the power] dant. The Gregolrc fonr-cylhulcr vertical walcr*c<K)lcd 
engines, one uf which is shown at Fig. 916, were built in b'ranee in 1910. 



Fig. 916.~The Early Gregoire Pour-Cylinder Water-Cooled Enpne Had Thermo- 
syphon Cooling and Integrally Inetalled Water Radiators. 

An interesting feature oi these designs uas ibc ibcntio-syplnni circulating 
svstem and the integral radiator which reduced the ainoiinl of water to he 
carried (o a miiiininm. 1'hc radiaf^or consisted of four banks id sinull copjicr 
lubes terniiiialing in a header at the lo}> and bottom, the forward sections 
having two rows of tubes and the rear section only rme. 'rUe uj'i'er header 
extended outward for a distance across the c\liinler heads and received 
the water from a connection ch»sc to the valves while the lower heailers 
were attached at right angles to the lowe.sl jjart of the jacket. The smaller 
engine was rated 2(> hor.<cpt»wcr at 1.5(XI r.p.m. and reported to weigh 174 
pounds, or 6.6 |M>unds per rated horsepower. The bore wav 92 miUinicters 
(3.62 inches), the stroke I-10 millimeters (5.01 inches), and (he total dis¬ 
placement 228.08 cubic inches. The larger Gregoire engine uas rated 51 
horse]>o\ver at 1/100 r.p.m. an<l reported to weigh 242 imhiiuIs. <ir 4.7 pounds 
per rated horsetwwcr. The bore was 130 millimcter.s (5.12 inches), the 
stroke 140 millimeters (S.51 Inches), and total displacement 453,44 cubic 
inches. 

The Salmson Z9 engine, which is shown in longitudinal section at Fig. 
917 was a form that was stiecially adapted to mount (he ra<liator us )>art 
of the engine because the radial arrangement of the cylinders made it pos¬ 
sible to cowl ill the engine un<] start the cowling at (he radiator. The Z9 
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model was one of the most cfhcietit of the French engines developed during 
the war. Tins engine had nine cylinders uf inch horc and 6.69 inch 
stroke, The piston displacement was J.146.4J cubic inches. The compres¬ 
sion ratio was 5.4 and the engine delivere<l 230 horsepower at 1,500 r.p.m, 
and 280 horsepower at 1,650 r.p.m. Fuel consumption wac^ .495 pounds per 
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Pig. 917.—Longitudinal Sectional Elevation of the War-Time Salmton Static Radial 
Water-Cooled Engine. Model Z9 Had the Water Cooling Radiator Mounted on and 

Concentric with the Engine Nose Piece. 


horsepower. The engine weight was approximately 475 ppunds. The steel 
cylinders ha<l .sheet steel jackets welded on and were held between the 
halves of the vertically divided crankcase by flanges machined on the 
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cylinder. The cylinders were indlcd ui> tighlly ihc crankcase Uy wedg¬ 

ing rings. The inlet and exhaust valves were slightly inclined in the cylin¬ 
der head, and operated tlirungh push rods and rockers l>y three inlet and 
three exhaust cams turning in the direction of the crankshaft at one-fonrth 
its speed. 1*hc valve timing was as follows: tlie inlet opene<l on to|» center 
and closed 55 degrees late: the exhanst oi»enc‘d 65 degrees early and closed 
oil top center. Dual igiution was supplied l>y two Jiinc-cvlinder magnetos, 
Claudel or Zenith <lnplcx carhiiretors furnished the inixlnre. The oil was 
circulated l>y two oscillating plunger pumps; the small plunger forced oil 
to the hearings under pressure and the large one was used for scavenging. 



Fig. 918.—The Bugatti Six teen-Cylinder Water-Cooled Engine with Hollow Propeller 

Driveihalt to Permit of Firing a Cannon Through it. 

A douhlo fr»rin of llu* Z9 nnHlol. with eighteen cylinders of ciihic 

inches total <lisjdnceuicnt, was nonnally rated 5fX) Imrscpower at 1/itK) 
r.p.m. and 5ri0 horsepower at 1.70(1 r.ji.in. The compresswni ratio was 5,4. 
The fuel consiimptiun was .«ai<l to be .485 ponnd.s per lior.seiiower-lnmr, and 
the oil consuinp.lon .()86 p^iumls per htirsei>ower-liour. 'hie weight was 
stated to be 1.000 pounds, and the overall diameter 39.5 inches. 

Engines With Built-in Cannon.—A number engines have been de¬ 
signed for military nse that are intendctl for mounting at the front of the 
fuselage with a ht^lhuv prnjjeller shaft extending clear through the engine 
from front to rear, the bore being of sufficietil caliber for a small shell. 1'he 
breech block mechanism is carried at the rear or auli-propelkT end where 
it can be reached by the airplane pilot or gunner. Such guns arc aimed by 
aiming the entire airplane. It is stated that (aiyncmer, the French ace, 
obtained many bf his victories with an airplane monnting such an engine. 

The sixtccn-cyliiKlcr Bugatti engine shown at Fig. 918 and in transverse 
section at Fig. 919 is an engine uf this type. The Bugatti engines were 
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The HispanO'Suize 220 CV “Cannon" Type Eight-Cylinder “Vee" Aviation Motor with Hollow Propetler Driveehaft with 

Cannon and Recoil Mechanism Forming Part of the Engine Assembly. 
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originally <Usi|jiic(l and built in France diirinp the war by Ftto»rc 
a weU-known aulomobilc dcsij*ncr. 1'hc first en.uiue was an eii;bt-c\ liinlcr 
albin-Hne type filled with rodiicli<in pears. There was buind to be no need 
for an enpiuc c)f this form, so a siKtcen-cylimlcr nuHlel was biult with tw<i 
all-in-line eipbls nuninted njKm ihc .**ainL‘ crankcase. The two crankshafts 
were pea red to a common eciilral t'ropeltcr shaft, which was inuite htdlow 
t(i permit the firinp of a hVcnch 37-niilliincier cannon nionnted between the 
iwAi sct.s of cvlinclcrs ns shown in the transverse sectional view. 



Pis. 919.—The Transverse Section of the Bugatti Engine Showing Arrangement of 
Two Banks of Vertical Cylinders at Each Side of a Centrally Disposed Propeller 

Driveshaft, a Very Unustwl Arrangement. 


The siNtcon-cylindcr verlical fwin Rnpatti cupinc was fonnctl fn^m the 
ryliiider blt^clcs of the ciKht-cylinder model. The total displacement was 
l,4R4.2*-> cubic Niches, and I he raled ontpnl 401^ horsejiower al 2.UK) r.p.m. 
'Phe dry weiphi was stated ti» be npproKtmaUd) I.OiKI pounds. The ap- 
i)n>xinialc overall diinen.sions are: lenpih JhiS inclu's. wiilth 24.8 inches, 
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und height .^2.2R inclu'S. Two crankshafts, similar tn those used in the 
eifi^hl-cyliinlcr online, were geared to a common propeller shaft at a ratio 
of two to three. Four Zenith carbiirct<*rs, each numnletl on a manifold 
feeding fnnr cylinders, were located on the oulsklc of the cvlintler hhKks. 
two on each side as shown at 918. This type of engine would call for 
a slightly wider fuselage than the Vee ty|>e. 

'rile HUpaiUHSiiiza 2i0 CV. ‘T amuMr* type engine shown at Fig. 920 
received consi(lerai)!e practical service during the late war and the mecha¬ 
nism is clearly shown in the longitudinal sectional view presented. In the 
main es.scntials. the engine follows the conventional Voe type eight. The 
hollow pn»peller driveshaft is niachin<M| with clearance inside so the cannon 
harrel can slitlc therein and at the same time the jwopellor driveshaft ca» 
revtdve while the cannon barrel remains static mary. The prof idler shaft 
is driven hy a parr of spur gears as shown anri rev4»lves in long fdain hear¬ 
ings. though ludi thrust hearings are luoimtetl on either ^ide of the driven 
gear huh. A hytirauhe recoil ahsorhing mechanism is htmscil in the cylin¬ 
der nhove the cannon. 


QUESTIONS FOK KFVIHW 

1. nr«fnlK* rolitry 1\vo*cyrlr niKinc Jiciions 
2 WiMt in a lurrd i\]w vmkiiu'P 

з. Whal diKs ilir “uokHc** nialv iU> m an engine? 

4 What !*« a “dinihli* rd.irN'* niiiim ' 

5 hcM'rilH' tuo HilftTrnl tM”'" “f aM.ition vnuturs \o1b iniPufal i'iM»linj; system 

и. ] t(»w ilh! King-lln^aiti engine diJlcr fr<itn Ihe cimventiona) tyjx*? 
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cylimkT block inspcciktn. 1422. 
cylimler licad covers, 1411. 
rlisfisK'inbly. I40t. 
cnumi's, 1401. 
carp of. Inll. 

<'bu(in>; iip, 142.1. 
hisl:iM;Uion tlrawiiiu, 1410. 
oiHT.iikm. It4i0, 
siariliitt, b>in 
tnnlnu, 14,k). 

It)04 

fuel MsUiii. INKS 
tfcarcnsc »HS4*itibiy. 1404. 1421. 
ftvars. backlash in. 1428 
bibricaliiiK syfim, INIK 
iiKiiii IraiiiiK cup it'ni'ival. 141.1 
nv >nnl nm |irot m4Ut. 1N i7 
piston anil ctHiiu'Ctnip r»Ml. 1407 
pispMi aiicl riOK iMs]H't’lii*ii, 141K. 
prM|M*Ucr bub. 1411 
spiTibcuiioiis, 14(18 
tear iliHvii tnsjKriioii. 14(W. 
tiiuiiii; pi'Tir train. 140S. 
tinnii)? (ikIic.iiih’, 14.11 
valve limn in near ni.irk^. 1414. 

(IV-1550 eiipinc. I.m 
Kb engine, 1.10.1. 

Kf2 engine. I.m. 

(t\5 MKilor iiioniii, I5(»l. 

V-1400 eiminc. I.Vti. 

waUT»ci I* 4«'« I i I if»iiies, ] .in |. 

I'nllinp l•M»|s for valve s<m 1 s, 1701. * 

VyrlfKclal propulMoii. lN/» 

(' VI' b mo ai\ i*ssi iry ilr i ws, rlrarimee *1 raw - 
1IIR. !>1X. 

< « rhnrti< •r o verliaiil, 1257 
cyliiulcr s|)iirkpiius iimTis. 1240 
«'iif*iiic eoiiiUTtiiij; hkIs. 121.1. 
mwIniK. I(i2(). 
crankcase, 1210. 
cr.'inksbafl. 1200. 
cylimler, 1208. 

Oisa^scnibly. 1228. 

Mils to juarl, Causes 1224. 
fuel am( oil pipmu. 1(154. ^ 

pump. 1217 
sp(*c i fiC.i t u »n <. 1222. 
system. lb5.S. ^ 

ftrunnO lr<t. 1221. 

jgmiiun, 1217. 


instulfatioii .*uii| lest. I2.S2. 
inslalluiion rlrawniff. I(t50 
liihricatiiHi system. 1214 
nvnmt and rowbuK, 165.1. 
oil st*cciticaihHis, 122.1. 

|iart<. iiistK‘«tN4i .Mid repair, 121.5. 

pislnlis. 1214. 

propeller, iNtl. 

sfiecibcations. 1210. 

siartiiiK and iu(final ciperation, 1220. 

sitpi’rcluifBer. 1210 

su|ii*rcluirBer nil seal, 124.1 

timiiiB. rlurkiiiB. 1248 

troubles, 1224 

iiiifKiekiiiic and ck'aniiiu. 1652. 
valves, 121.1 

valve Bear, lakim; down, li.kl. 

salve itiiiili'H, I2.1U 
Wiitfbt. 1208 
baud starter. 1218. 
lulu icat ion svMtm. 1654. 
in.iBiieto timing, 1251 
muf!t***to wmiiK. 1656. 
nnscvll.il leoiH cimiui*^ms. 1fi.5f». 
rear sii'lioii .asH^inhly. 1250. 
sitin'ielurKer drive. 1250 
salve spniiu risseinMy. 1213. 

<'ybiKk*rs alipiinH'iii wiili sir.aiulit*cdBe. 1821. 
aiMl juMons. assi mbliiij* Wrie.ln. I in') 
Anram. 10.U. 

asM'mblies and pistons, 1)12. removal of. 
1412. 

.nsvmbly <i«i Cyclone riiBine, I24fi. 
nssiinblv on )$ eiiKine. Ib>5 
lilrrk ins|Kiiioii, 012. 1422 
|H»re rniisb by boiiiiiK, 178.S. 

i'.iTiiiiK'r. 1115 

OdistriK'Cloll. .\1>1' Kiinlni'', l5o7. 
isMisIrnrthu, Jupiier, l.l<»2. 
nnisiriM'tkm. )\ick.ird. 1446 
( iirliss i'lMlItiiBiT. 1344 
fk'fitis ni. 1770, 
fiiiish liy r(*:imiriB. 1784 
fiinsbinK by IxriUK. I7H4 
lu'ad eoristcm'lkai. 1)12, 1401 
iH'ad rovers. Curtiss ]l12. 1411. 
iH'ud, Sieiikiis (^iKUie, ltlK.1 
Ikiw J4n and J5 differ. 11.57. 
iusficctkm of CicIoik'. 12.17. 
installing j4H lui J4,\ eiiAiiirs, ll^t9. 
UHkmd. 1022 

of Scorpion engine, 088. 
of Sci*rpion. reassemfily. 908, 
of Vl .isp engine.v. 1270. 
riinnv.*il, CyckuH* engine, 1220. 
removal rmin Packard valve ludiHing. 1482. 
removing (rmn I'aekard vnivr bmising. 
1482. 

rnnuvmg )4.\ and H. 1175. 
rrmuvinK j5. 117,1. 
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removtMR Wriirbt. 1172. 
rojiairiiiK scored, 1783. 

Rolls-UDycc. 1524. 

koll>fRt>Mv ( niulor, 1531. 

SreineiivTlaKki*. 11181. 

sixiiiK .iiid fiioOiinu. 1784. 

skirl'', (unniicr. 1134 

111 lit o1 A H.r Srorjiimi, dismanOrnK. 

unit, removinj* 

Wright Cyc\i»H\ 12(18 
Wriylii J4A. 11.VI. 

WriKlil J4A and li. 1157. 

Wriuhl J5. 

D 

I Indy iiispi'ction. ( >rkiiic cni*im\ t22fi 
models J4.\ anil U. lWi8. 

I >anil d< 111 c n >1 a ry \\ ( 1 1 1 v:i r ml iK* r* »i n i>f i*s- 
SUKl. |H«>3. 

I lay («in “Hear" fmir-c>li«diT inuiiic. I(114. 
J>( frets in olnidcrs. 177*1. 

Derniitiims, i>riit»illrr, 

Dcicii iKidtinn fur IWk.inl nmines. 1458 
I U'm »i i1 A* ltd dr art 11 ik c iik i ih*. 18*15 
fle|MiMts, nainre i f rarlsMi. 1781 
Dcsrrdriimi of tlMW \u nii;Hie. 1515. 

C*am ii I ez en \x ii a*. 1114. 

('Iiicfiain 1378. 

ClirlijKS ('oiv|lK*reir en^nie. l.l*8i. 

Unntet iitijine. 1317. 

Packard tuttlncs, 1442. 

P. and \V. Wasp niKinr. I2t>7. 

Szckfly S-R 3 ciienu*, IWW 
Wriylit Mnnliuifsc siik»h*, *>80. 

Dvmku runsiderat inns. |>rr*p«dler. Rifi*>. 

of metal prcii>elJiTs. IfiKl. 

IVsi^niiift waUT*OH»led niKiiK's in|n air* 

craft, 1557. 

l)ciails of C l••M|UlTt»r ciiriih', l.VlTt. 

I Icvelofinenl of Wnjjlu Wlnrlwnid, 1144. 

I > tucram. I yckme insialtaiion. Ifi50. 

<d Lorraine |impeller drivt*. 1710 
Ilf Rolls*R m>(v jitojK'lkT drive. 1108. 
showing eiij^iie inslalkiliim. 1558 
Sirinens fiad and oil systems. 1087. 

Dies and laps, iisc of, 1752. 

Diesel air-flid mixture mediud. 1871. 
burns lubricaliriK nil. 1882. 
cendinj; not difTiccilt, 1882. 
engine advaritaifcs. 1885. 
awtomolivc, I860. 
eccxMimy. 1884. 

Junkers, 1879. 
reliability, 1881. 
ibermal efTicieiiey, 1877. 
fuel supply imfxiriatit. 18fi3. 
iiidicatrir dinKrnms. hiftb and low sptrtl. 
1870 


Oimenskmed view. A.B.C, Scorpion engine. 
W7. 

DiriKibk iHKiucs. 1837. 
dutch, 18fi0. 

(inif Z<i)ixdfn. 185L 
J'ackard 1551, 1847. 
seciicrti, l*su'kard, 1840. 

(iruf Xiiifiebii, 1850. 

|Miwrr cars, 1838. 

Ifower transitussioti. 1858 
DisasscinMing Aiuuiiii eiiuine, HM3 
eoiUHTtinfi m<l», Wasp, li'N 
( nrtiss 1)12 engine. 1412 
J5 iwirls, 1170. 

Pai'karrl engines. 14/0. 

Wasp craiiksbafl. li'^H. 

Disissemlilv of L>cUhk' oil pump. 12.3.1 
fnriiss 1)12, \Mri 
( >rbiiic eng UK. 1228. 

Cyckiie sii|H'ri I larger section. 12,15 
SliornlKMg NA T4 earbiinlor, 120,^ 
Wasp riiginc. 1288. 

DiHiuinilling A.Il.C, Srorpnsi cylinder ninl, 

*8)7. 

CRiiiksliaft AsHtnSib, SieiiKiis, 1103 
C irrns engiiK*s. lOofi 
pr«<inllire, u>ii;d. 1770. 
r«»0er lx%iinig rraiiksliafi, 1815. 

Sienuns engines, IWJ. 

Whit 1 w 1 in I e. i r1 lui 11 oi, 120.5 
l)is|iosMhin id dirigdile engines, 1837 
I’xliHust gas. 162,1. 

Disirilnitors, Packard ignition, 1455. 
timing. Packard. 1185. 

Her* Diesel pnncijde, 1873. 
find pump, MYlK>n. 1874. 
spray no/dc. m cl ion, 1875, 

“Merkur" enghw iasUill.Huin. 1565. 
iK'iilile acting n»iaiy t*iigine. 18*)5. 
m:igiu*to iginlion, Packard, 1456. 

I Alary engines. 18*16 
Drilling nui('biiH*s, band. 1747. 

Drills, reamers, taps and dk's, 1740 
Drive and valve ranis, C nmiuer. 1118. 
cam and pisUais. Caininez. 1117. 
gears for airplane pn spellers. I70fi 
Dnvesliafl assenddy. i/amim^z, I13(i 
DI2 senes (uriiss engines. 1401. 

I) t.v|K’ Kml proixdlcr. k>K4 
Dura inmil) fuel tank. 1M)3 
nature and pr(»|X'rtK*s. ].V*R. 

Dynamometer rwMn, Packard. 1828. 

£ 

I 

Iud*psc nvintimi engine starters. 1717. 
ek'etne startir, twelve voll, 1728. 

Mfies *•<»** starter. IVO 
series “6** starter sect ion, 1731 
•aTies \*1I si artel, 1725 
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starter cluicfi MrttiiiK. 3734 
Hlarter hand i ninUs. 173^. 
siartvr oil shield, 1735 
Kcfnxmiy of br^v cit|;iiics 
KiBlaccii-cyllmlcr W type, Ijrrraiue liittinc, 

isii. 

IClcctric starters for euKines. 1715. 

I Cmpir i cu ( | ircupcl Icr 4le> ik it iv n isulerai k fits, 

iMiRincs. air resistance of, I55'7. 

Ansani, 1033. 

A.ssu 80 T air-rooktl, HXil. 
barrel type, 

Ix'arhius, iiispcctinir, 1803. 

I In Mol Che nib, 985. 
hristol J upitiT, 1353. 

t'irrus Mark 11, 1054. 

(.Ivvdand nuiNi-crank. 18^^. 

OHdro] connect Mills, Cyclone, lh5(K 

con(rr<is. cfclailv of. Ifil3 
Cl n si n il spec die At i« n is, 15K1. 
cow I i I IK s I HTi fi cat n n is, 15K3. 
cowling. Wright i yclonc. 1(i25. 

Cnriiss DU, 1401. 

) )n ml ihi 11 C var lahU* ei fiitfn c^slc »i i. 18*13. 
Day ton "licar" foi»r-4>lih(k'r. 1014. 
Dvmont rotary, 

ilcsiKniiijt waUT'CiHilcd hMo anemft, ISS7. 

(Ivvclc ipn icn l, f ut urc, 1497 

d ism ui 111 11 IK Whir I w' i ncI. 1170. 

dispoMiioii ill diriKibU's, IH37. 

double net lint rotary, 18^^5. 

double rofjry, J89fi. 

fait tviv, 

Fiat ’aS 3, 1544. 
for diriKibbs Tacknid. 1847. 
Krayer>Mdlcr air Vfiil 

fuels, I5Uii tins. |K53- 

KAiiKe, iiistriiimTtl^, ltrf4 ^ 

(ircKtUiv water-coolul, 

Henderson. 977. 

llisj>aiMi-Sin2H caiiiSHi tyjie. I'XIti. 

installHtton specific.il ions, 1580 

ill St a Hut If at, Wn^bt Whirlwind, Ut3^K 

installing Curtiss Dli, IfiOS 

installinir v.arious ty|ics, 1558. 

iiistruuKDts, 1658. 

i liver tc<l tyiK a<lvaui.iKes, iSbO. 

IsotU AS3, 1549. 

IsottH Asso lOfJO W. 1552. 

U'Hlond avialino. lOlS. 

Lincoln na'kt*t, 981. 
nvunteiiauce in stores. 1830. 

M. A. N. DichI. 18t».1. • 

Maybach diriKlblc, 18SI. 
meOiiim power air‘Coolc<l. 1012. 
Mercedes-Benz tv^O'cylhiilcr, 
inouiH and cowlmg, Cyclone engir.e, l053 
niounthig, Albatross 75, 15o4. 


moimling, cant ile vit. 1.5nl. 1563. 
iiMiuniiiiK tHHMlycar 'Tin han/' lH4tK 
nsfinitiuK in wtiigs. I5(i5 
mounting, new stum bn 1. 15^i3 
iiMiUiiliiiK riiig, tubing for, 1(21. 
tnoiiiiting spi'cificatuHis. 1580. 
n> Hints, n'liuinnHUts of. 1<>19 
ns flints, stud for, 1567. 
tmflint. X'lamhl'Cnrsiir, 1617. 

Naifur "I uh," 1543. 

Napier *1.1011, 15.19. 
ni*w v'lKs Keiuiull. I5.M. 
otKTaihrti, CnriKs DI2, Ifftl**. 
operuiuHi, llonKi, 1.11 K. 
overlMnIhig, t uniss DU. 14U. 
tfVerliaulinK si.uids. 1771 
Ibekard psnireil aviation. 14KK 
piiiis Maylcich cngiiu'. 18.5(». 
pL*icJng. Cfuis'eiitiiand. I5(>i. 
pbeing rclaiive to ndot. I.SM 
reronditioniiig rffXTaiioiis. 17 78. 

rvversihle, 1852 
rotary two*c>c1c, 1889, 
running in afUT overhaul. IKJii, 
S.dmsoii static radial. VHtA 
Salm^oii water-cmded radial, 1537. 
S.uircr*l)ieM.d. IHtiK. 

Miiall air Cffolul, 977. 

Smith radial, 18*)2. 

specihe.ition«•, j4^ and U. J5. 1155. 

>l.irter, llristol gas, 172**. 

st.^^tcr'•. KelipM;. 1717, 

starting, Ciutiss 1)12 IblO. 

« .starting gear. 1527. 
starting metlMKls, 1713. 
starting, 1\ and W. Wasp, 1281. 
starling Wlirrlwind, IM?. 
starling. Wright Cyclone. 1221. 

Super HImiik* static radial. 1028. 
Soi-kety S.R-3. ItHlfi. 

U*st rsioni. Packard, 1828. 

liming. Caininez, 1135. 

timing. Hornet, 1320. 

iMiniig indliotl. Wliirlwiiid. 11% 

timing, 1*. and W. Wa^p. hD2 

tcHfU for adiusting amt erecting, 1741. 

trouble's, W'nglit C yclone, 1224. 

twu 'Cycle hi'line, 188r). 

tW(f-cycle Vee type, 1887. 

Velie 6vc“cyliiidcr, 102*). 

Vikuig air-cookil X type, PXll. 
Warm r "ScaTTib;* 1023. 

WlMTry fsilary, 18'>8. 

will I built m caiuKfii. 1905. 

with iiiU*grn1 e>H»liiig systems, PX12. 

wohhU' ]>latc type. 1897. 

Wright Whirlwtni 1143. 

X ty|H* air*ctKflcil, 1901. 

Rnglisli niicnnmicr graduations, 17b1. 
Kiiicyelic pruiiellcr drive gearing, 1719. 



V»| 


INDEX 


KqualiziiiK t<jr»| for craiikpins. ]>t07. 
ExiimiiiaH<ni «tf CVrus |urt«» ]0f)6. 

|us(im nniSH. IT'/A 
Excessive <iil irmpvraturc» Cycluiic 
1225. 

ExhKUM colU'clnr rinc. Sipmci^, 1070. 
fzas c|i«(Hi>ihon. 1023. 

ualcr rixinvry 1A45. 

iniiiiiO*ftl for cam engine. 
tiiaiiifoOl with air 1fi30. 

niar i i f«>]« I (di (licH 11 i v\ 1 Ul 1. 

M<lc sfMrkpUms. nnKiv.il 140^>. 
Ry^tcin, !*iKviftvalM»n I*ir, I5*)2 
valve OHilihK, Pack aril. 144'^. 

ICx|Niu^iMn niid uuMliaiy lanks. I57K. 
reamers. 1751. 

ICxUTiial oil I'ackard. 14SJ. 

V 

i*'ailure to stait. CycUme camne. 1224. 
t'airehiOl'kainiiKV 1111. 

ciiRiiir iiiHiallaMiHi, l<i33. 
luhricaiioii, 1120* 
lubricsitiiii ^ysOtn, I(kl5. 
ran lyi»c enKinev 18*^*^ 
b'aiminvJupiKT rediteliiMi Kcar, l.loS. 

Kiai air sfarter, 1720. 

AS3 enumv. !.^44. 

fiH'l inmip, 15^7 

fik‘1 supply sysotn. l.^%. 

Jubricatioi) system, t54<i. 
oil pump, 1547. 
slarler ciNiind iKiiiel, 1721. 
valve sprtiij; o impress ir. l7Kfk 
water piimp. 154K 
Files, use ainl cure nf. 1745- 
Mltiiitf Uuniifis by iMirin^;. 1810 

r»miH*ciiiiu*riHls. IHIO, 

eraiiksliiift llenrlnK^. C'liHiss 1)12. 1410. 

(Wtiss 1)12 wrislpins, HIM. 

012 ctniiKVliiiif rod Umhuks. 14IM 
012 eimiiie |Mrts in a>s4 mlilni):. 1427 
new hiiNliinKs in \\ asp c<rtiiK'c(ni^ rixls* 
1.305. 

piston rrnus. IHOl. 
pmiK'lUT hub to shaft. 1(>8U. 
ring.*) to cylinder. I KOI. 
ring to grtKives, IKOl. 

Sictnms ciiRiiic in {usekiRe, 1075. 
i'ive-cybiKler riiKim*, la.'lilt aid. 1018. 
Ijtrraifii* cngnic. 132*). 

Vcliu engine, 1030. 

Flat twin engine. AliC. iFiriivt, 1U02. 
Flight Control «f cih»Iiijc. 1.572 
operittioii. ( amlncz nigine, 1125. 
<»peralii«i, Wnglil CyciuK*, 1221. 
test, Whirlwhul engine. 1C>4K. 

FliKiting blower drive gears, Wasp engine, 
I2*)8. 


FiJcIcer wing molnr installation, 1620. 
b'our'eylinder Cameron engine. lOSl. 
engine, A.B.C. Hornet, 1002. 
engines. Cirrus. 1054. 
two-cycle Metev'r tnotur. 1006. 

I '< »un i-e n-cy Under A mist n «ig« Siddcl ey en 

ghie. 1382. 

Fray cr-M diet engine, 1002. 

J''ntlcnrks*m roiury twn-eyclc eng me, IRK*) 
Friait section, Wright Cyelone engine. 1230. 
Fuel anti <m 1 pitiing. Cyclone engine. 1654. 
and Oil system. Sicmeti.s. 1083. 
fur engiiK*>, acctyleiu'. 1H44. 
eiigiiT^, Ulan gas. 18.53. 
engines, hydrogen gas, 1843. 

Wasp engine. 1278. 

Whirlwind engine, lii4M. 
le>Tl Midiealor, distance t)|K. If^t4. 
line joints. I5M2. 

]M|»Mig and oniiK'etioiis, ISMI). 
pump. .\C, 1SM8. 

A.M.. 1519. 

elearaiH'es. Wnglil. 1171. 

Fiat, 15<)7 

M.A.N. IhcM*! engine. 18f»| 

Wright Cyclone engine. IJI7- 
\V ngbi W1 nrlMind. 11W 
s|KH'i fica 111 in s. < y r h nh* eng i ne, 1222. 
supply iif Diesel eiigiiHs, 18ri.t 
system, Cyclone engine. JtiSS. 
systiTU ihs|:illatH»n, l.W). 

.syjdeni, WhirlwiiHl. F»43. 
tanks .11 id supply sysienis, 15M5. 

• tank, diir.diiniiii. IfilM. 
tank RiK'Cirirrttioiis. 158^) 

Full se*ik* Mind litnnel tests. lti*)5. 

Future engine dcveluimienl, 14V7. 


Dasohne pninfi driu\ Mei iMik Field. 1.588 
sysUin. Mc< tH4i J^’wld, 1585 

t^as barter. Itnsiol. 17^> 

Cear cu*a* and igiutKm :issemhhes. rcntusal 
of. 1411. 

assembly. Curtiss 1)12. 1404, 1424. 
(ienrc^l eiigiiK's, rackard, 1488. 

(•caring a pnipidlcr, 1703. 

(icar nwsbing. bow to regulate in 1)12. 1427. 
(iencral instructions for overhauling, 1774. 
(•cneraior adjustment, Packard. 1459. 

(•enct engine sei'tloiial view, 1818. 
(hiodycar unit* rig id airs! up. 184.1 
(jraf i^lipHin cltaracleristies, 1850. 

(jlaphie cotn}iarisi4i of cngiite types, 1386 
(Ireg^drc waier»cooled engine, 1903. 

(irrndcr for valve heads. 1792. 

(jrHiding 1)12 i>iston pil^ bushing, 1420. 
Packard valves, 1478. 

Wasp engine valves, 1291, 
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I Ttxivfs for oil Sit hrarms<«. 1807. 

prrcanli'.'iJ^ in oiltiUK. 

. U'si. \Vns}i cntfiiw. 12W. 

Whir I wind inKinr, lf4H. 

WriRbt Cycloin; cuuiuv, 1221. 

11 uidc rvitlacemcin. WInrlwiiul, 11 

H 

Half Iioitr en((inc test, 1827 

kl^ill SciHt lo<»l 17fiS, 

Hammers and mallet^, 174.1 
Hand and elect nr inert ia >lartrr, reli|Ke. 
1725. 

siarier. 17IH. 

Wrijelit. I7l<i. 

WHkIiI Cyclnne, 121«. 

Hvath-I lciider^(H( oaivrrsuni, 077 
llrndeiMai ccarvcrsnai. 077 

llrxa^nn ty]w air*c<ai1t*<l cn^MK*. 1.l7fi 

Miywnfdl air starter, 172.1 
starter rifuTatum. 1725. 
iKsUdhitnai. 1724, 

IIikIi K|Mrd Diesel eiiKine«. I1V41, 

Mnit.s if*T care id tinds. I7ti2 
IISs|»ii(UKSni4n camiMn tytn', l*Hir» 

Httllow priiiH'llvr UiyU, \ti7h 
IliinliiK cylinders. 17H5. 

Hornet enisine. A Hi\ Hal in in. lotii 
elearaiU'eN, 1.122 

descripintii of. 1.117 

instAllation. 1.117 

in stall At loll drawtHK. 1219. 

kxy diaurani ii»r ilc.iraiuvs, 1.12.1. ' 

iitH'raiion, l.HK 

s|)erificaiutn«. 1.1211 

liiniiiK. K12I1. 

pails inierchaniiiable with \V*is|i, 1,117. 
Hnhs, pr«>|»ellcr, U»70. 
split ty|K* f<ir pro^H’llers. l<iK7. • 

split ty|H* lor three lilade propeller. BiKK, 
Jlvdroiten as fuel, 1K4.1. 


Mentifyinif pieces, markincs {*«*. 1775 
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ge.ir rcdiK'iions, Packs ol. k4iet 
.Si'orinoii. daily. 

^.d\i gear •U'ianhly, ( anniuv, 1128 
Wasp ci.inksli.ift. I.KH 
\\a>p i>1indeis, t.ltM. 

Wasp eiig.nc parts. I.KiJ. 

pispms. 1,UM. 

Wriglil |Mr(s. 1178. 
font me, ( y clone engine. 1226. 
ronlinc. Wrighl WUnlwiml, MiiH. 
WliirUiiid J5. W> 
liistalUtH*n. A.li.i*. Sci»rpiiai engine, 

Ihisiol Oh*nil> engine. 087 
diagram, W'usp engine. \27^h 
di awing, .\merican SCiirpk>ii, lOlJ 
t'lirliss IM21>. I4III. 

I'aircliild't am Inez engine, Iti.Vi. 
lioniel engine. I.HO 
j4.\ and B cngiiu*<. It.l.V 
Mayliacli mg me, 1K57. 

Meiuisco Salnisim. 1.171. 

Siemriis, lt>7n. 

Szvkeiy S.IC.l cnghir. IIIIO. 
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of siaiict ilnldi. 17.38 

N f iS'liu 111 vm o| K* I ai » ii; v. i Ives, \VI n rlu iihI . 
liVi 

valve <i|KTaliiitt nf C>cl**iK% 1212 
M^iiasci* Salms4»ii iiuhM 1*2. I.WiH 
serf Iona 1 dfiiwiiiR, I.W) 

^ferrede<•Hehr Dll siH'iilii.ilkais, 1510. 
lwfi*nliii4kT ciiKiue. 'tK\ 
ty]K Dlla niKiiiv, I SID 
Mcslmi|{ I >12 liiniiK^ RCirs. 1427. 

Mdul prt*|Kllvrs. all«i> f<ii. 1702. 

design of. K4il. * 

Reed. Rrikl 
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cl tarts. If *93. 
ciitpirical. loTiO. 
fonmtht for filwr sirc'*s 1701. 
(levelopmvnt. 16ri6. 
drive Kcaf''. I70fi. 
drive vvar.s. I .orranic. 
vffictcncy licit »\v U*n 1 cHicicncy. lf/)7. 
vfficmu'j. free OiBht, 
end view, \x lUoutl cr«i:im\ lOKi. 
for ‘’I’auV’ vuRiiic, IfcW 
for \Vas|» ciiKinc. HltiitK. 1377. 

Iml), (urtiv.x 1)12. 1411 
huh. httin^ to .sltAft, IftM). 
rvn H'v: 1 1. Win rl w nul, 1171. 
stdinc, S A i'*, l(>7y. 

Inihji. If>7fi. 
lAMUtcT-Watts. loH2 
Kloiioid, 1675. 

more elTiCMit at l«m ^iKvds. IWI. 

moulding, riniiss 1)12. |fi07. 

inoiiritiitK. Whirlwind. i64ri. 

iim*ssii\ ft»r ncttrinn. J703. 

iiverl.ip, 1<»74, ^ 

pitch siH'ols 1670, 

primary stresses in. 17U0. 

shafts, splnicd. 167K 

sli.ifl tJHKT. S..'\ K . 1074 

siaiul.inl steel. Ifi87. 

strciiKlh of, 1792, 

substitute. 1698- * 

tests, /nil scale wind tuunel. U/>$. 
tariahle jntcli, U»7I. 1704 
rr«»puUum, cyehmlah !«•»•. 

mciliiKl.s. airjiljnc. Ififo, 

Puller for Sutncic endme UarniKs, IHKJ. 
Pump for fuel, WriKld, IU*2. 

Viking, 1162. 

Wright Cyclone fuel, 1217. 

R 

Raring engine, Fiat .\S3. li>44. 
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gear. Rolls.Kityce, 1527. 
gear. Rolls-K<iyre' C'ondor, 1532 
kml U i)Tg* ms'lal prittK'llcr, l(iK4. 
metul proiitllers. 16K3. 
pro|K*llers inamihu*tnre and tests of, 16K6 
Refit I nig liigiiw I tarings, IKO.l 
Ri'gnkUmg oil piessnie, (nriiss I>12, tfdl 
Reliahilily i»f Diesel engine, IH8I 
Iviii i<*l a I hr ig Ihm ring s, IM H). 

Removal and installation of hall f)e.irihgs. 

1KI7. 

Removing and grinding Packard valves. 14HJ 
repUving guides, tool? for. 1182 
Conner! mg nxis, Wriglu, 1177 
crankcase fnmf section, Wright, 1177. 
craiiksluft, Wright, 1177. 
cvliiNlcrK. 1 ycloiie engine, 122*). 

D12 cylhitkTs ami pistons. 1412. 

D12 exlvnist sparkplugs, 140*) 
iiMcmH*dunc M*etuni, W'nglit, 1177. 
niaster nnl. Wright. il77. 
nose ptatc, Wright, 1177. 

ScortHoii cylinder unit. 

I«»P cylimlir. Wright, 1177. 

valve Collar locks, 1184. 
valves, Wasp, J2'>1. 

Wasp engine crank si wit, 129.5. 

Wasp valves. l?ll. 
wrisipin locking rings. 1101, 

Renault nioicrt*s, ww scries, 1534. 

Repair dep«g n»»l> ff»r Whirlwind, 1180 
stainMi lo<4 ei|ifipmcm. Wasp and Hornet. 
l^M. 

Repairing stored cylinders. 1783. 

K.K P. fan type engiiH’, 

Ket>Liemg piston rings. 1801 
valve gunk's. Wasp engim'. 130i'>. 
valve gimk*s, Whirlwind. IIKO. 
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T^u<iuircnu*ii1s nf nigiiK' iTKinnts. 

Reseatln^^ an*I triniiR valvtH, \7*t\. 

Ketiini nil K.sstcin. I’aeUarU, 145%V 
RevcfM' Kear> fur :ur«lH|i>>. 1712. 

KeviTbiMc Cl\KHies May1i:icli» IK52 
Rocker Ihix and Cycloitc vulvc clear* 

iiuces. 1247. 

R u(K, Whi r 1 w II lil cun iieci iiiK. 11 (41. 

Ki4kr lieaniiKs Hs^emhluiK |i» nIuR. 1811. 

c rankslia (1. d iMfii u H Inic. 181 .*>. 
Udils-Unyce Cimdiir cntcinc, 153tJ. 

F tyi»c ciiK>^ics 152i. 

|)!anvlary >;ear fur iim^tidlcrs. 1707. 
re dm lion ui’ar, 1527. 

Kolary eiiKines. ilntiblc. ]80i>. 
douMe aniiiK. 1895. 

IwoH-yck*. 18*81. 

RoukIi ruiniiiiir. calls* nl \Va*»|j l uaMic, 1283. 
Rfiutiiiu Faik.ird <ii::iiH*s 1477. 

Wasp cimiiic. 1287. 

Wrmkt J5. IRiO. 

Rover iiir-Cf"jK*d ciijsiiH*. 1051, 

R lype Heeil pri/fa'llcr, )(»H4. 

UiilcH an<l hcales. 175/). * 

RiiniiinK A R.C. Scor|ii(*ii in IImill. *814 
ill CMisitics nRcr overhaul, ]82(i 
in Wii«p i'UKinv. 131.V 
inslriiclions AM<' .Sct*rpioii. *1*12 
iiislrncliftiis, Cirnis. JCMSQ. 

Wu.sp cimiiiv ill adir top nvcrkuil. l2*/3. 
Ryan Sieinciis engines. 1072. 

»|K'cial tools, IU97. 

S 

S.A.K. ,«plined ]>ro|>L*llrr j^ImIIs InTK. 

standard ln|HT end, 1074 
Safely Imknm devices, VVa'|» eiiKim*. 1.107, 
SiilmMin Alio Illume, l.ki/) 

AW SfHTirtlMlilHl.S. 1.Vi7. 
fiir*coole<l cimiiie.s, 1045 
\valer eeK>(ecl nidtal rnxiiH*, 15,17. 

Sai I re r-1) icsi*l v itnhn si uni cliiunl K*r. 18/^/. 

Diesel engine. I8(i8. 

SailoN and rules, 17.56. 

Soral) eriKine, Warner, 1027. 

Scintilla nia>tMeios for I'ackard cnglnvs 

1457. 

Scc»rod cylinders, rcfuiiniiK. 1783. 

Sci^rploTj, AjiKTican fonr-cvhiuler eni&inc, 

1012 . 

eiiKinc, A.R.<*. EnKli.sli. 9*8>. 

IkUI lK*urinK.s« 

rc.*isseml)ly after oveihaul. 1001. 
ii>li overhaul, 

Scrapers, how to make. 1806. 

ScrupiiiK crankshaft hearings. 1805. 

Screw over1ii|) in multi iiiKiuc Ri74. 

Sectional drawing. Cameron eiiuiiw, liifr. 
WriRhl-UorvliouM; enyme, !>?A 


view. Rucatti eiiRinc. 1007. 

(.'aiiiittcz engine. 1112. 
koiiiuiciital iiiRiae. 1.151. 

('uniss 1>12I). longitudinal, 1402. 
dirigihk clutch, ItUil. 

Ikinier iiump, 1874. 

Donwr spray niizzle, 1875, 
hxHlisc scries %’* starter, 1731. 

<icnel engine, 1818. 

IlispamoSnuni ''Ciniunr' engine, FXK). 
IsottA Fraecliini, 1551. 

Jupiter engine, l.kil. 

M A.N. Diesel, 1863. 

Mercixlce-lhii/ F7S02, 084. 

K1 c*i ai S4*( »• Su Imsi lu, 1 .Vi*> 

of Wasp blower drive cl ill eh, 1.101. 

f.ickard 2A1500 mu me. 144.1. 

1'nek.inl nxKlel 2,\-1.51X1 invehed. 1440 
I'aekanl 1551 eiigine. im 
S;imer.hie«4, 18(i«. 

Shimiis eng me, 1078, 

SI rt »nil icrg c.i rhuret or, 1 (lOl. 

S um Cii rhu rci or, 1)1 D. 

Wasp eng me, 1272. 

Wright Cych'nv, 12U. 

Sixlioii u( ('urli»s l))2f) engine, iransversi*. 
1400. 

J.5 Whirlwiml, 11.58 
Paekinl imKlel 2.A-1.51X1 iiuerlinl, I44ri 
Wright J4A and J4fl, It.SI. 
Selfstarters 1712 
SiTies “/r lu-lijiH* starter, 17.10 
Service given hy aii w-ded viigjiics. M85 
1|<ol kits. Patknrd, 14K7 
\V,isp engines, 12H*J 

Si* 11 mg Cumimv Stromlierg carhuicior, l].l*J. 
J5 cailMirdor, 1201 
Wasp engine jirop<‘ller, 1277 
.Si-veti-cyliiidcr radul, W.Hiiier Scar.ih, ]«12.i. 

R K V. iiigiiie. 1*8X1 
SIniitcT nKmntings. ].s7S 
(»|H*r.ili(Ni, 1.577 

Swie view. A.IK*. .Scnitiioii engnie, *M). 
SicriK'iis crank starter Hiriiiv < hag ram. lOR'J 
exluu^t collector, 1076. 
fmd «uid hihniathai .systems, 1083. 
general description. 0178 
Halske carhurctum irouhlev. 1101. 
eniiiK'Cliug nuR. 1081 

crankshaft, 1080. 

cylinder. 1081. 

cyliiiikT head, 1083. 

itiginex, 107.1. 

iitgiiie carburetor. 1108. 

engines, disiinmlling. 10*^2. 

engine. |iariially dismantled, 1U86, 

engine H*ctmii. 1<t7H. 

eiigiiw. starting. lOMU. * 

iiigiite types. 1074. 

igiiiiiiHi, 1087, 
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igT^illon trouHes, 1008. 
igiulinn wirinf^. lOKK. 
lubricatiiHi Iniuhics 11U3. 
timincr flisKram, 1084. 
lool kit, 1004. 

pihtiMi ri(iK arranci*nHiit. HIM. 
prclu'.itcr Oi virc, 1070. 

Six'CyUmirr Anzani iiighu* timing 
Bi-an intorts 1511. 
engine, BMW Va. 1515. 

>11 line ciigitns 1'UitJa-l‘rnsebiin. 1031. 

.hieing anO tin killing cylfmltTN. 17K4 

Skilknl u'orkmnii»1ti|i in engine' ri*|i,iinMg. 

177H. 

SkirK tnniimz cyliinlfr. 11.14. 

SIcrve valve eng it ns l*,inlianl 13?., 1533. 

Sntilli radial vnuinc. Ilf^2. 

S<ili<l reameTH, 1751 

Siwrk o ml rill ImT. Fainhikl-t amincr en¬ 
gine, 1o37. 

SparkpUiK inH*rti. l'>rl'*ins 1340 

StHTial ritwir sluii) IiniK, Packard. Hfti, 
UmU for Sieinens-HaKke enmiH%. IIWS 
(nr WliirUvind reivnr 1180. 

wmirlK’S, 1743 

Specifications A lit*. Ilornci, 1UI5 
A.H.C Sciiipkni, VI1. 

BMW Va engine. l5lo. 

I?ri>tMl Jiipiler, ]35^i 

ramiTiHi Onif'iii line. 1051. 

(* ir ni s tug me, 1055 
( V m MI leii t« 1 1 a I r • C( N >)ed ei ig ii ic. 13.53. 
('itrriis ( ha III Mger eiteims KU/» 

('urris** t liiehain, 1,kHI. . 

Oirttiv 012. I40H. 

IkiylMii *‘Bfai" engine. 1015. 
fur engine cum rut. 1581. 
ell R me cuvtlhig. 1.58,1. 
engine insiallalKMi. I580. 
rxliansi <ysleni, 15*>i. 
fuel piping. ISVI. * 

fuel vv^leiiis, 1580, 
fuel tanks 1580. 
ignitiun wiring. 1584. 
lubnealicai system, 1583. 
radiator cunstniclnui. 1.576. 
ten ipvrai lire cunirul, 1577. 
water eiH»ling sy.stems, 157M. 

Isotta engines, 1,555. 
isotta-Fra.schini. HUT, 1033. 

Junkers 1.55 engine, 1503. 

I,.c Btnml furly, 1022 
).e Bluiul ninety, 1033. 

D* Blond sixty, 1U23. 

Lincoln rocket. 983. • 

Meiiasco-SaTmsoii. 1370. 

Mercctles-Uen* PIL 1510. 

Mercedes-Btiizetwo-cy Inn ter. 9H3. 

Kapicr Cub, 15W. 

Nimbus engme, 1508. 


nf Hornet rneinc. 1330. 

<if K«i|>ier'U<in ciiRinc, IS'l.l 
of Walt IT* Castor engim*. \,W. 
c*f \Vu>{) engine. 1375 
Packard eiigiiH's Nti'J. 

KoUs*Ko>Cr roinl«*r engine, 15.>0, 

1<o]|s*kin(e engines, 1534. 

.Sahns.Mi .\f*.0 engine, },Vj7. 

.SKiTHiK engine•*, 1074. 

Sti|KT BiKme engine. 103*1. 

W.iiner Scarab engine. 1037, 

W1 1 1 r1 wj r ul eng i (les, 1155. 

Wrlgbl Cyckme, 1310. 

Wnglit engine oils, 1051. 

Wriglu Jo nit'iiK's. 13^s5. 

WrigiH \‘145ri air tjjoled tiigine. 133,1 
S\nv*{ and 1 1 mist, two blade pio|H*iler>. 1070 
Sidiiusl I mbs. S A \\, Ib/n. 

ItoiicIUt shafts. In78 
.S|j1ii bnivs for stiind.ud pioiteMers. U>K7 
]nii leniov.d and iiistTinni. 1747. 

Spring loading. Wbulvinid videe, 11.57, 
niinsKifl. lH2fi. 

Siaialird bub const Aid ion, Vi8*h 
Packard adpistnuiits. 1471 
l*ack«ird elearuines. 1473 
pro|N'lkT for Cyeloiii' eovnic, 
projN’Iler for W*asp tiignie, It**)!. 

sbTl proiH-IItTs, 16H7, 

Stand for actvssi tries drive giars. 1775 
.^ 1 .*>nds ft»r engine owib.iidnig. 1771 
.Starter clutch I on pie lest, 17,14. 
nmrrol panel. Fiat. 1731. 
electric engine. 171.5. 
for aviation oignivs, 1712, 
liraelKv. C. S Nave. 171.1. 

Wliirlwiiid. 1646. 

Slarliiig and iK»rtYial r)p(>rulion, Cyekmc. 

1330. 

OiniiiKZ engine, 1134. 

<*iirtiss 1)13 nigiiic. InlO. 
mctlwids, cngiiie. 1713 
I *.tckard eng me, 1474. 

Packard engine with lottery ignilion, 1475 
Packard cngiiK' with nugnelo ignition, 
1475. 

pn>ceiUire. Wright (.ycliMu\ 1220. 

Siemens* Halskr engine. 1090. 

Wasji engine. 12KJ, 

Wliirlwiiid engines, UA7. 

Static radial cngiitc, curly, 1891. 

Salmstm watcr-cootctl, 1904. 

Steam cooling for uirsinp enguicib 1846. 

traps in ccHiling s>sl(*m. avindhig.' 1454. 
Stt«1 for engine inoimt con^tructiun. 1S67. 
Storage uF engines, 1613. 

of Wasp engii>es. 1287. 

Straight edge for cylimler alrgniiicnt» 1821. 
StrainerH. inid.ilhlkm «>f, 1591. 
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Strenplh nf jiropellw^, 1702. 

whirl test f»»r. 170.1 
Stri'sbv*', primary m priipcllcr^, 1700. 

Sirips for rmK rc*m<ival. 1800. 

StriinhcrK c 3 rl»i(rcl(>r lur <*;uniiie< engine, 

IU7 

J<ir 2A'15IX» ciiKiiK, 14^0. 
for 2 A-2500 iiikhu'. 14ril. 
for 3.\-2.^X1 viiKii^c. \Att7. 

KAT4 farlnircior fur J5. 1201. 

KA-U5(> for J4A ami J4B. 1M5. 

NA*V7A rurliurctor iiistriK’tioii^. 1253. 

Stivly of ViiruuK air*aM*kil iiikiiu* 

1375. 

Slim cjirhuu'lof of SUm'iii ci»k»ih% IIOH. 
Summary of tear ilimn ojrr.itwins. I'ack- 
^T4i. 1470. 

Summer Kruik' chH. Ki52. 

SiijierdiiirBcr, asvmOHiig Wright Cyelmie, 
1240. 

chitrli Twirls. Wn<p. 1.302. 

ilrive cl nidi, Wa**p, 1.101. 

ilrivv. Wnght C ycUuu*. 1250. 

impi4U'r hiviKVluHi, Wright ('> clone. 1242. 

f»l] M'Stl. (VclolIC OllgllK’. 124.1 

Viet ion (lioaH.Hemhlv. < vclmie. 12.15. 

Wriglit Cyclone. 1210. 

Suiirr-Rhonc sialir rnilial. I02H 
Si'iplioii Irllims |Mimii. 151*' 

Systrmitir (lis:is^<*mhl>. Sk'nien^ ntginrs, 
im4. 

S> 2 ckrly SKi ciiginc, llXVi. 

T 

Tabic of fits, Hornet engine, 1322. 
fjtit. Wasp engine. 1.114 
propeller pitch sjMtHK, IfiTO. 
projrller spied .*nul IhriiM. 1070. 
Talnilatcd comiuiriMin of engine 1386, 

Tachometer diive coniuTlion. “(am*' en* 
niKhu*. l(k3H. 

drive coimectiMn, Whirlwiml, lMf». 
Taking down NA*V7A rarlnirrlor. 1257. 

vuhf gear. C‘yclone vngiiu*. I 2 .MI 
Tanks, crashproof fuel. l.W. 

leakproof ftul. I.5W. 

Tap<T nid, S.Vh*. Mamlard sluift. 1674. 

ri*anicrs for s-alsv scats. 17*M. 

Tappet ailjusimeiit. Packanl, I4K3 
clearance adjustment. Wright. IIOV. 
clearances, i*irros, 1057 
Taps aiul dies, 174*/ 

Ti’or <k»wn hispcclion. Curtiss T)12, 1400. 
TmpC rat 11 re control. 1575. 

Control stHfification, 1577. 

<if oil excessive, causes of, ll^ift, 

Tcii'Cyfinder An 7 :ain engine limiiiK. IU3*4. 
Testing Ixarmg fiaraOelism. )K22. 
engine after overhaul. 1825. 


holding power. Wasp hlower clutch, 1303. 
scraped surfaces, 18fl6. 
valve ^eating. 1795. 

Tests of keed propellers, 1686. 

Thermal cfficiciicy. Die.scl, 1877. 

XlHTmoid eiigiiK: mount for 'Vam'* engine, 
lf.33. 

TlM'mvnncter mstallatwin, 1578. 

Three<ylnidcr Ls‘Tlloinl engine, 1017. 
Tinmig Anzani engine. 10.38. 

Camiiicz engine. U35. 

( irrus vngiik’ valves If 168 . 

Curtiss I >12 magnetos, 1432. 
fyekax* engine, 124.5. 

I >12 engine, 14^10. 
duigram for I irriis valves. I Of >8. 
diagram. Siemens-lfalske. t0K4. 
gear markings Ciiriiss 1>I2. 1414. 
gear train, f'linivi ])12, 1405 
gear, Wasp mg hie, 1271 
11onic! engine. 1320. 
hidieator. Cnriiss 1)I2, 14.11, 
nvigiieto, Packard engines 1457. 

marks on Sis'intais craiikcaM*. 11(15 
nx'llsHl. magmiii on Wliiilwind. 1 P>8 
I'.iekanl lull cry i gin I ion disinhuioi. 14H*. 
Paekard. clicking willioiil dismanlliiic.. 
1478 

Paekarit engine camslufls. 1484. 
thrtv*cylinder .Aurain engine. HMK 
six'Cylmder A 112:11 n nig me. lll.V' 
ten cylinder Anr.:ini mg me, ]0.f>. 

Wasp engine. 1312 
yVhirlwiiid engine, I10f». 

\V hir Iw ind valves, 11 $6. 

Wright C’yclone nugnelos, 1251. 

Tide rallies and ri inning fils, 1K«M 
‘I'migs for eoniiiresMiig valve springs, l7Hf» 
T<sd5 npii|mh*n 1 for W:i>'|i aiifl llornel re 
jKiir stalkrtis, IJ'M 

for .Adjusting and mclmg engines, 1741 
IkiII iHMnng install,ition, 1KI7 
emuiliziiig ertnikpms 1807. 
grinding J5 valves, lP/1. 
lapjiiiig cranksh,I ft. 1805. 
iiH'asuriiig. 1755. 

removing valve guides. Whirlwind. 11H2 
thrmcl cutting. 1754. 
triiing crsuikslkafls. 1805. 
valve truing, ITVI. 

Whirlwiml, repair tiepei 1 . It80, 
hints for cure of. I7fi2. 
kit for His]wiii(i*Sui 2 .i mgfne. 1771 
for Mapier-Lion etigiiK*. 1767 
ftir Siemens.Halske iiigine, 
for Wasp engine service, 128*J. 

J5 »rvicc. U70. 

Packard Mrrvicc, 1487. * 
ouifils, typical, 1763. 
used In refitting h«aritigs. 1804. 
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Ti'p ovcrlLiul, A.B.t*. Sii»rT»ion, W.* 

Can Inez cimiiHr. 1127. 

S ictnci 11 a IvLc. 11 U». 

Wn.vf> ciusrnc. )28K. 

Tofcjiic test, KcHjw* seller “tr slurtcr. 17.W. 
TranMni*>bU)n t»( i«>wcr Ui (hriuil>lc\ IX5K. 
Triple section oil pump, l*'iai, 1547 
Trembles in Anzaui enuinc, lucalinn, ltM4. 
Cirrus encinc, 1070. 
injil<*ns, 17*^8. 

S Ktnm s ca rlinrct ion. )U\2 
Siemi*ns<llaUke. miscrllanisni•. lUM. 
\MiiihviiMl eiijtim^s. Il<i5. 

Wriubt Cu'liinv engine. 1224 
plumbing;. 15*>3. 

TriiniK snrUees by scrupiuK. ISOO. 

Tubinu for vn^lne tn«>MiitiitK run;. Ifi2l 
TwclvC'CylimUT IlMW VI enpuie. I5IH 

lu'xauoM iiiKiiie. \^7l} 

W lyjH*, l.«>rra»ie niijim*. 1531 
Twrtity*fonr obiMler N viiKMie. H*M 
Tsveiiiy hours inspection, CyetmK' dipiiic, 
123). 

IVickarrl. 1477. 

Twisleil eainsli.id. lK2tl 
Twcne^ele eiiRiiie, M<li’*rm<»l«»r. 1UK», 
in line t^neines. |KW>. 
pisiirti*ili«trihui4»r ent^nie. IIWI. 
roiarv vii}Sincs. tlPH) 

Vee 18H7. 

e^lnukr enKinrs. A.IlC, Siawphfi. 'WK 

llrisiol I'heruh. 

Merceries-Kell/. W2. 

Morelinnse. <^82 
liiiurs eiijjine lesl. I82t>, 

‘r>)ics of SiciiK*ns engines, ]U74. 

U 

Cneveii ninniny, W'nulil nmfiie mums, IKrfi 
V 11| hiek I ng ill 111 clca n i ni* I'.m chi U 1 • L^ini iicz 
enniiK*. KiJ.f 

('.M’liine eiinme. lr»3i. 

( rrrhss ])]2 eiiuiiie. lr4M. 

]',uk.iri| ennnies, 1472 
Wright WliiiKvmd engine, IMU, 

CiHisusU aircraft eng HU'S, iKWi 
I M* Ilf eurlwm semp^Ts, 17K1 
Using k'ernuT call|>or. 1758. 

V. S. Navy airAlnps, cluracUxistics of, 1K55. 

V 

Value i»f iinericd cngiiH*s. KViO 
Valve actUHlion, An/aiii, KkM a 
and riK'kei amis. Anzani, \i\Mt. 

SI I ri ng s. Whirl w ind. 11 fi2. 
valve gear, Cirrus, 1050. 
valve springs, Cyrkaie insiiectHai. J241. 
oillar locks, renviviiig. J1K4. 


Curtiss 1)12 irih|xxt(*Hi. I4l.k 
gear ius|M*etuin. C\vckiiti*. 1241 

pads diMss^nublj, Wasp engine. 12W. 

taking ik»«ii Cyekrtie cjigme, 123U. 
Wliirlttiiicl, Ill'M. 
gfimihig abrasives, 1705. 
iWkanl. 1478 
pre^asMs, 17*)J- 
W.isp eiiBlne, 12'M 
ItuMes. t'.scltme ciieine. ]2^> 
n'plarenKiM, WIiiiIwiikI. 1180. 
rvpi.n ing W.isp. l.kVi 
Ik'nrl griiifliT, 17*J2. 

IhiiisiMg. I*ackari|, 1447. 
lever ami linnket, t amine/. IIJO 
nK^lu 1 nsm. adjust nig Wrighi, 1104. 
elear.inn-s, WkirttAind, 1(70 
< uitiss 1)12, 14411 
Wasp engine. 1270. 

MjKTalnig iiutIuiiimii, a>si*nihliiig Wright. 

\V»>. 

(\ckKic. 1212. 

W'lnrlwnal, 1l5<i. 

Msldn ik'prir 111111*11. IKNi, 

rei lanliiiianiig, 1787. 
leiiaival and gnnthiig. Siemens, 1107. 
remmul ami ins}rclion. l7>Vi 
riiikix awl t.ijijiil, Wnghi J5, 117.5. 
sealing, lesimg, I7^i5 
M*4l lapping. 17*>0. 
riuiners, I70l. 
widlhs. ITJfl 

spring asMtubb, (*>i'b*iie. 121.1 
ei'injires'^ir. 1‘iat. 1786 

«simtiressii:ii tone's. I7K(( 

li»:iding. W'liirlwind, 11.^7. 
assembly of W right, (102. 
skill guide aligiiiiHiil. 1788 
si tin guide wear. 178**. 

1ap|Hi elearaiuvs, C> clone dig me, 1247. 
timing Cirrus etigim*, 1008. 

C ufliss i»12. 14.12 
W*asp engine, 1312. 

Wliirlwnid. ]l5<i 
Us 4 for giimling J5. 110.1 
Wnglii (VcloiK*, 121.1 
\*arial>te c* imi>rvssii m i ei ig me. J *aTn(jl a i ic, 

pilch prot*ellers, l(»7l. 1704 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ALLOYS AND ALUMINUM 


MITALS Ain) THEIR ALLOYS. By Cuabler Vickkkr. 

ThM work U int<*nafdv pmrilrai. azul is ov^ryono inurmlnd In mtibUs 

uml iMr lUioyK. Tl\i> owiHr. nuuuitfn. iiuiAllunuHt. cIiimiukI tir IU<* mtrkvr In tUo 
mUo|» wUJ 1ln<( luiiviitfurnittUoM ilmt ^wn'Uiriirc lanx Imvii MxtiitiinUL ui nUiAtin lliUu«i^ 
will I iru^UklH from thvlr urltfin u> Uunr UM'fiil uiinluntmu, iHiih niiljvtihully mid axuiri* 
of aiUiyH, tmnl Hirvimth. louKkuMw. Iiitliliu^. niUir, luvit* 

chPApniftt, cutidui'tlviLy ur Usiniiit |iru|Miiu-4 dmiamlinl 'VUv Hiaptiis 
un flin cn^tijiR of ct>|»)H*r. ilir muknift lu numKimc'Mi hnMi»\ uhiuniuiin Imitib*, 
tdmnliimn utloyn. rod yUow xu^nm m«*uiU. ImiHin; iiiriuK UihhiiiM. 

wItUo inriulx, phoHptlor irun nu'UUx utvI iiii'kc*! ;Ulc>vx iirt* iTowdt'il with for* 

niiiliv*. UmUvI and Iriul. UiK<4JnT with tlw nliyxii*ul rimimiU'H of ttk* iiHovx :iiid tlw'ir 
cip«lin»e ]Mx*nMariLK>A. It lx u ui*a><urt'*liu(iw> of tnruniuilon for tlio inriiil workrr. 
II roiivinmmi n^foivnini fur Uu* tniirnnl h'Ciink'al imn. and aMMim* uf inH|iir»iinii for 
lUv onmmvr who miwt Mdivl altuyu nvini (nniuhk^ Uk liix work, hi Ml {UkW) 

1 10 itiiiktmUoiiM. IVkAs...$7.60 

METALLURGY OP ALUMINUM AND ALUMINUM ALLOYS. By UormuT 
J. Anukuhon. 

Thix volunk^ M a modem. aiiPKiritAKn' IrrAtlw on ilin mrtnilurffv* nf Aluminum and 
ilM llicUt nIUivH. mnl imvitk tlu* Niihjt«*t fully from Uic miiinitf offhr on*ii u> iho f.ilw 
rlcAhcnioiid anidh'^lHiMMuf tin* ineUl. Wiilk^ ft fum Ihxiii writu^n miMvndly with a 
vlnw to U*inK pmctlrul. llu* mon^ thronntrHl AxiKroi of Uk^ Niihjiri have' iH»t Ini'u 
iHidiicr^vl. Tlu« oriidn, gce'um'Orc and dudnhntkm of Alumuiuiu on's and iuoUmmIh 
of nilnmis an' lukuo K\)t In on mrly rhnitUT. wliiki dm imiiUii'lion of idunununi Uw'll 
liv nnidiTn oh'i'lrolyUv nmtliocN lx aJM> diMMisxinl Tim im'm ami amdlnU ionM of ilio 
inoiiii Ami iln alloys ;in* imiUM in doiail ('iMwidcralik) utU'iiiHiii Is Kivini lo (ho 
nn'imruiKm of uIUi.vm for CAHtmK and workiiitf. and vlio nuNt approved moOuvlx for 
nn>iiannk thv |>rlnrljkal rUkiyx am takon up. T1 h« bi«L iih'UhmIh of mi'MinK. IoroIIict 
wiiu (IrMTipUuAX of tiH' tuniiHiul ly|Hw uf tunianv. An' id von dolaUivI Ifi'almrnl. 
Thr foundinK of Aliinuiiiim alkiys. IndiidjiiK iiudlnic Iimmw ami ddix'iM. ix diM'U'cu'tl 
nuiU' fully. lUKl tlio mfonant lull will Imof Kti'at vahio titfcnuidryrmii in tlw sun'i'Wiriil 

linxlucUuii of cwtUiKA. MMi (^xd). 2U5 lUuKtratJous. iTicu . . $10.00 

AUTOMOBILES 


THE AUTOMOBILISrS POCKET COMPANION AND EXPENSE RECORD. 

By ViCT<)« W. VaqL 

Tlux lHM)k M not only yalualdi' w n ronvonfent m«t record, but rontalo" tnurh In* 
f»»nnation of vjUim* umiUuaxU liiHudtw u ronf1i*n»*il dlki'xt of uulo laws uf ult 
SUilos, a lubrication srlmdulu. Iitnia for rare of stoiw; liallory. and care of tlrea, 
loriiilon of rovl ireubka. onti-freerina ooluUooa. boraevDOwer Uble. drivioR huiw 
uud many um'XuI tal>kw and ruchl^s of Intcrueit to all inobinxlA. Puckot xiac. IVUh* 


AUTOMOBILE WELDING WITH THE OXY-ACETYLBNE FLAME. By 
M. Kkitii Dunham. 

Ktnlnlnx in a almpk manner apparatufl to be used. (U care, and bov to ronxtru^ 
nw'iwAary Rhup <*i|uliJmcnt PnaTvils Uim to Uie actual woldina of all automohllu 
TiartK in a montiur iiinienitaniluhlu by everyone. princiiiloa never to Ih) for- 

itoUon Thlx lHM»k iR of uiniuRI. value, ainro tlio jwplodnK proUlenia arising when 
inotal U IioaUkI to a nietUng iM»lnt are flilly oxiiUinol and the proper methods to 
uvecxxjuio thorn shown. 107 pagee Fully mustratod. Price.$1.50 

HINTS AND TIPS FOR AUTOMOBILISTS. By Vicrnm W. Pag£. 

TIh* iKxik B Iciral fiV the huny man or wojimn who wants lo know alKmt c.ir otwtion 
and upkeep Ix^cauxi* of the efHmonilCH pcwahle when nn auiomobllc ix intrlliifi»nt4y 
oiirraiixl It cnntanix iiiany nmm'y-aavlng hInU and a f)di*f rimplc cxiMixlrimi of 
loi^ilcm and ri'nuxly of roudaWo iroublui tt|>t to occur un<kfl* orillnary orn'rotinu 
con<iji4uJia. ..“ wnfi 
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AUTOMOBILE REPAIRING MADE EASY. By ViCT<m W. Paok. M.B. 

A (toini»n'h(*nsJvp, jinicucrJ of rvory phaw* of luoflvm »uiumohl)<^ n'i»airinis 

pru(*tU*<^ <> 1111101 % I'vrry pixHt'ss inniii'riUil <n nioii»r car i»itorafUm (ilvi a ])lun< fui 
workNliopCOOKLruclUrn. hiiKicitMiiuiiK l»rn|iii[inu'nl. |»owiT lon'ditl, nuicluucry anU Um>W 
noui«sary io carry iin rlu* iMixini'T^s M(imi<4«fiillv Trlls Imiw uiuvrrkiaul ahii ri'palr aM 
pamof altaui<»iiic»l>U4f:. Kvi>rythlikKO<i*x|*lalnnl fuiKtmply Hiat nuilorisiMaiiif siiulniix 
catincquirun lull working knuwlcil&^uf nuiomoUlli' n^jiiUriu^ 'J'Iih *tn‘k Kiarto wllli 
the enkrino. (hen danhhfN cnrlnireljim. iuuMloit. moUutf anil liihrfc.kUim ^ysWmsi The 
cUiU*h.Hiank0%^]H'4H(KeuiioKaufl trtuKmJ'HMiii Kv^iem iLn'roiiKiileri'cl in ilvUiil ('unliihis 
tni<i4njcll(»n'i for ri'ruiWliiK all (yixit of axk’x. BUtiintr ami olher HuissU pariH 

Mniiy (ahliN. Hhnrt ruM in hsurine anil rtilcs of pr.icdci* ar«' idviii for ihi^ iuh'Iiiiiiio 
ICN plaliH tiillv valve ami iniASiieMi **Uinln?** iiitfini-*, iiv^tiinalic Iihmi.kim uf 

i nnilile. n'ltalrnf kail ami n>llrT lM*aniiic<. kIkjo kinks, flnt aM lo jiijiiri'il ami a tnuItU 
tmle of KnhM>r*r.s oflnlm'st in all In tin* (CariKe anil n*pulr ImixIiicsr 
This iktoL ronmrni xmroif msfrurhcins iiN rVrtne stortinrj. huhtnu/onif ^tmihon nuniein^. 
tirr rfimtnin/ lout nnmfitiiui. nutt*ifi uous trrMimr. brtt:titvaiut mlikriHtj, kiQt tivtitninil or 
Btfrf. luust II in niff iirmUff.nahi an>l tirrl9t~rultntti’r motors, etc. ilolli iniiii 

paRts, l,U00illiixl rations. 11 folillnR pUt<« Vriw .93.00 

WHAT l.H SAID OP TUIH tlOHlC: 

" 'Aiitnmohlle KepalrfiiR Made Kn^y' lx Hh* ImhI ImhiW on Liu* mihjiTl. T iiavc ever xivn 
Aiul Hie only bcxik I ever saw MuLmofanv ViUnemaifanu^e.'—l^nxIJelTrey. Maruiis* 
iinoe. Neh. 

"I (hunk >ou for 'AiMoriuilulo Ki'iviinn^ Maili* K'ixy ' I do not Ihliik ft ihmiUI hr 
I'vreMnl.’'—S, W. (ilsnel. Dihviorof liksiriK'iKiii. ^ M V. I’UiladrIplu.i. J*a 

AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS, l^y 
ViCTiiH W. Pagk, M.K. 

Thlx prurileal voliirno has lMs*n writ ten wllhsiMrlal ri'fi'niicf^io t.|ien*riii[rrTnrnKor Hir 
non-li S'I m I nU ri*ai U*r di-slrl UR I *asi IV iiniliVHMHNi r:i;pUnarory malior. ndniiiiR lo all 
tyfMsioraiiloiDohllr isnirlrni. Kt^irLinRaiiil hRliinuc svs«*sns It rnu Im* umli isI^hhI h\ 
anvonr. rViii willuHil eWtncal knowlitlRi*. Im*c.mixi' rlriiirnrnr>* rliH'inral prlriri|)li%ar(' 
considrrixi iH'forr any atU'iuiit is riiado t4> cImmiv. fraiiinsi of (lic' v.irioiis s> spins 
Thtw 'kasic |>rjm'ipli<?i an«cl**nrlv slitrtl and illusi.rahsl with snujd" ihaKrTiros \U thr 
fendma susleitUfofsUirlinQ. liahtintj and loniiNin hnrr turn drouth d and iKwiftHUit inUi 
Ih/' tu-*iprrau<m of ih*- npt-rlx rinploi/nf hg ftu mmoHeirPorrt Wiiliitf diasinims are 
Nliiiwd in hoMi Hs:lmicul and inni-iirlinK'al lonns All K%mk»U an* lully rKplaimsI It 
li aconi|>ri*hriHivi* n*vu*wot miNlrm start me jind lend ion s.vMiiii prnMin*. and nirludrs 
aromidi'tr rxiKHiiion ofKiomKi’ kttL#*ry conMnirinM). can* uml n pair All h|u-s ii| 
atari me ninpim, Riiirmtors. iii.u;nr(os. ami all nsnliion or liehime xystiio nnik ,uv 
fully r\|rlatnisj. Tim K>su*ms ol cars ulnvuh in usi> as well as (lirNc lUai are to rumr 
an* ruilMkknsI Ert ra pt ii^on in thr iiuutmnhitr hiisiniss iimh thtsmiiimr. 

('loHi. HWJ payi's. .'VIhi illnslruijons. over Wirme DiiieraniH. I'riM) . S3.00 

HOW TO RUN AN AUTOMOBILE. By Vimiit \\\ J’ag6. 

This trratlm' elves ronclM* instnicHonx few KlATlitie ami run nine nil makes of earn >1 Inn 
aulmnohilcs:. imvt* to riirv for (liem. and elvi^ disiinrtive fea tun's of ismtrol l>i^ 
Kcrds'K every step lor slnfhne eears. anilnjUinC etieine, eU\ Ainoiie Llie cluiplers 
eoiiLainin] art* I \iit4niii>idie I'.irts and Tluir Kiirietious II (•enin'al SUiitlne 
and Drivlne Instrueiiuns 111. Coiiind SysHiits—()nn* of Aulomohili« Tliurmielilv 
illusiraUxI I7K jiaers 72 illustralmns. I'rUv. SI >00 

THE MODEL T FORD CAR, ITS CONSTRUCTION, OPERATION AND 
REPAIR, INCLUDING THE FORDSON FARM TRACTOR, F. A. LIGHT¬ 
ING AND STARTING SYSTEM, FORD MOTOR TRUCK. ]W Vicrori 
W. 

Tins is ilie most com pi eU* and |ir«M*lic»l insiruclum kstk over puldkhisl mi Hie Foitl 
car and Konison inuior All iiarUs of Hm KikiI Mmli*! T ear and Konknn ir.irlor 
are desinknl ami ilUHlmHMl in a iximpn^lmnsive manmT. Tlie const ruction Is 
fuHv t nvih'cl mid oiwraline iirlimiplc mmle cU-ur lo everyone (*onipli‘U' insl met foils 
for dnvine and n'lsdrliie an* elvefi To ilie New lP*vlsisl KdlUoii mailer lins Ihvii 
mldisl on ihe l-’onl Truck and Tnu'ior (Vnvifslon S4*lsuiid Henulne KanlMUi rra/'Uir 
Ail iNirlsun* deserlksi All n*|Kdr iinsiSM's lliuslniusl and fiillv ex|ilnimsl Wrillen 
so all can iiiicleixami no tlMsiry. no em^swork New ri'siwsl and inilareiMi Kdilion 
j usi pi 11 1 ) ihI ki ) IK7 III usl ml ions. 1 .V> iwees. 2 1: eve fi ili 11 ne pi u t4is. I 'ri<*it $8.00 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


THE MODERN GASOLINE AUTOMOBILE—ITS DESIGN, CONSTRUC¬ 
TION, OPERATION AND MAINTENANCE. »y Vurnm W. I’MiK, M.E. 

Juhl oil Ulu pnwt-'NKW IU1!S KditkiN TIiik ih iIh* itniij’lrlo aiJloiiHihilr iMiok 
over C'<i\OTS over)’ ruteni iiii|iruveiiiiiit iti n*U(ion to (lie uuU)iiu»tnlo A 

ecHiipleti' UluMraUit) ot vIh' iu'w \^iwi\ MoileJ A Car In Indialitl TImh is 

Iho riioHi i»nw 1 ie»vl suhI invlo-ilulr InuliM' (Hi HiiKimohileH hihI IlMir cnmii- 

{HHU'Oi |K(ri«> ev(T phIiIisImI All iiIiumn of aiiUiiiholnie nuiKinuiioii. (i|N*ribiioii 
anil niaiiiieiiaU(*(' aro full) unil nimpleiHv (iosenU^tl ami ui lfiiiKuait«' anyom* ('«ni 
undHsiaml. KxiT> ivirl o1 all i>|rvi of aiiioinoiHh'^ friHii earn Ui lieavy iiuMor 
Iriieks ami road lriirtor»> \s HeNTilieil iii a lliormiKli manmi. tiol tail) tin' aiiloniolnlo 
hut every iteiii ol iln itimiaoeiit, ae(*i<nMrM^. IimHs nmletl, supjxUeH ami n|Mix* iKirls 
ueeixsvirv Tin* iI» upk^'li an* riill) (Ilmus’m <(1 U IuIIv ixamtern llie inmir pLihi ami 
itHauMliarieN. uJHoeluinMs ami IkkI) niiiMnic'Inm iii iiiiniJii* ilHail All laleM (levi'lop* 
loenls. Miel( a*, liinl' ninixI iiHHor>. nieeve valve iiitfino. MrauvUl eiulii ouirim***. uir 
detimTK. fuel niii’rh. ol! sa»|iar.iiiMs niul ni’iillm ami iidiiietoiiN oilur (leu>lii|MiienlK 
' mv eiMiMrlen'il jii ilelail TJie IkUsi iciuhou, rarliuielor .kkI iKhra’.iIhui pnu'lleo 
iMmllnuxI New funiM^ol I’liaiim kimx^I Keais. ami lliial miwer Inuismi^Moo n.vMeiiiK, 
uml all laiol eluvNMs liiiinxivniienu an* aIiowii ami ilixTilaDl. sueli ;ls fiHir-wlimi 
hiakes. air brake hyMems UJIooh un*. hyinml icear (Inve, lour-wliivl drive, fixmU 
wlurl drive, i*le . . ... 

'I'lie lai’He ileioaml for llie iirevious i'dilioim of Mils ImhiK. (Ids U’lm: the maIIi Uiiio 
Ihe ImmiK has lHi*d niinpleleh nnlvtl ami eiHiniv resi'l. maki's ii iNmNhle l4> Uxxtl 
Id deUid all Uie lab's! imimueiuetiU, imlmlmii llu* new MinM A Kurd ear 
This lKH)k luN Isrn Uiosmiwlanl lor many yitirs, ami .s iim-iI in imwiieally every aiihe 
idoldk mIkkiJ, eolleiie ami idiiverwiy asa tevilnnA - and hv Urn kniUxI SldUti Arniv 

uml Navy. IIKKI new lUustraiiodb I l.'id (Uxlb |k4:(*i. JVmv . . . . So.00 


WHAT IS SAID t)K THIS HOOK: 

*' U Is I he iH'st lHX>k on iho Anloinolilk' scon u|» U>daU' "—J. H. 111c. Axffoclato KUitot 
Auhttui^ili'TTottr Jtiufnni. .. , 

“ Kvery AdUnmileh' Owmr has use for a Iniok of »hU clianu’br. — Twe v'' 

**Tld^ Iniok Is buinrior lo uuy truiUsix berv'lofoiv imhllnUuu on lao snnjiH^t. ^JAO 
inrrnlJix^ AifC. 

THE MODERN MOTOR TRUCK. ITS DESIGN. CONSTRUCTION, OPERA- 
TION AND REPAIR. Uy Vimm W. 1‘Aiif.. 

Tnsith IMI ull lyiMs i>r imiliir triH-k' anil ii«lli-triii1 Iracl.M-K uri<l Irallcn., It niiiMdiTK 
•ill lvm*«of lernks, pisdine ami ekriiH*. and all v.u'ieiH'sof iniek iMKlies, lids iHHik 
IS writlen lU kinumm'e evnyoiie e.in dnilersiand ami jk miL id any simw of llii' wcnxl 
•» l.H'lmieal in-.iliM It is a |HaelM»l >i4udM' lliat will make s|Mrial a pistil In I he 
iniek driviT wild W'eks In U ller Ins piMlam and In the ims'haiiie ehamed with Ihn 
n iMU* and uiikHii of Irmks The raelmy nr Imsimsv esivdlive who waiil-s lo ohlalii 
;( -omplnb' vtorkdiiC kmmledtfe nf Iniek oiH-r.ilion jindileins will lind Uns In^k a n’fer- 
eiHT work of kTX'aL value Tlii tnirk sdestiwn or d«biiiiol«le ilwihr will Uml IImI 
ifiis work isjniams informalmn that iimaiiK incHiey Ut Hiem. AM KfiniW' ami serviei^ 
Kiaimn men should luive a nip.' of ihn Umk foi* n-fiTeim* l»erau«' irnek eonslnielnm 
dilfers fiXHU pnsw'Mpr r.ir ih'stfn lo nmiiv imiiori.inf nsimxia. Anyone who resulH 
t ills iKKik Is in Uiurh wiLh all Mn- prariical fr.»hir*s i*al have Ut-ri UxrtAxl oul di md 
(lotli dOkU) *Hi2 I KUO'S, j,'id lll^1^1^atu>ll^ JViei).S4.00 


NTviee 


GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN¬ 
STALLATION AND ADJUSTMENT. By Vk-ixik A\. Vm,^. 



lR.imsitlvenb>llie forms dev»s..U 
1II Ii>e I he elK-.imr I dels mjcIi .is k<TOM*iie <*ai mindioii iniuhlo. fm'l n^ubUs. 

r'rnJ*m IdswIblnHi divine |-nders and nnimnnl»Ts.'liol sm»t nmni- 

ii* liU anil lU imKlern earl Min Uir devdopmedls are eoiisiclenHi iii n thoronuli man in r 

! VTiw.. ,rf fnllv Ilisnissi*. as well as sukKCs- 


Meh.n N 1 v o ;t;ri;iin:b« an* fully (li^Mssisl as well as sui 

n iw f r wH'dri 2 ivonomy ami otiUmnnK Imthest oiikioc imwer, 

TI s msik VM Me^ n‘ Kunn«*ii. m.udeiiK. and itiolorislN. K,. 

lu^i Cmdeie esii^i^ iHi lenwene enrlmreUirs ev»T piihllHlinl, 'Dm drawimrs 

Jiowlni earh^ (HHisinielant on* iiuidu from aiH-nnO*' imHmivrlug 
i w liru ito mu«UaUoas. . 12.00 





CATALOGUE OF GOOD, PRACTICAL BOOKS 


AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS 


AVMTION CHART—LOCATION OF AIRPLANE POWER PLANT TROUBLES 

MADE EASY. Hy Majoh Vicwk W. A S, S.CMI.S U. 

A law' clian uutiming all inrtK of a s piral jkowrr nUnc. tliovliitf the points 

it luto tmuliW' apt u> o<viir anrl fiiiuOKliru; nMiKvIn^i for toe (*i>nnnuii dvferta. lii* 
toiuhMj 4Ui|4ui*iHll>' for avjouirx wul avlaiiui iiKK'haJiii'w uo ecltool and Hold duty. 
Tluh 4!ji4Lrt a UK pul>lkN|K«l during < Ih; )(\ir 1U17. .80 eeati 

AllToMiMIII.K ('IIAKTS 


GASOLINE ENGINE TROUBLES MADE EASY—A CHART SHOWING 
SECTIONAL VIEW OF GASOLINE ENGINE. CHuriijiknl by ViiTOH W. 

Pauj;, m.k. 

It hliiiivs rlinuly all lAhrt ttf a lypicnl kI^^^IIiuIit oiikItm' nf llir foiir-<*>rl(* 

tyjKs. U oniliiii'K disihH’tly all |iun<t liahlr to (nvr i/niihlo and al«> do tails th^ de* 
runsomonu apt U> with aiiiooih nusiriu u|H4^tioii. 

Valuahio lo riMMori'tti, tmrliaiik«. rr'|>;Urriu*n. pDRMd'tncui, aulomnblln iali*M- 

lUi'n. I'UauifnirM. nHilorlHiat imiicrH. ami trarU»r<lnvt*rH, aviators, suouh** 

cyclUtA. uiul all utlirr> wliu tiavi* lo du with tfa^lln4* pvwiT pjativ*. 

]( RiinpUIUs Walion of all 4)nuliir irmihlot. and whilo it will pmvo invaliiablo lo the 
novica\ It isu\ In* u* advantoi^i* l>y iIh* nion* c*x|)(*rt. It should ixi on iho wallx of 
nvcTy piihlic and privai<* uanuio. auloimihilo n*j>alf «hop. rlulihnuKr onclUHil. Jt can 
bt* carnt'd In thi* aiitoimnnli' iw ]»ork(*C wiili raw% and wlU InKunt au.tinst \\m of tlmu 
wliun niKlim trouhlc maiufi'Hts Itwdf. 

TIjIk snrtional vhw of liusinc^ U a cotnph'tc n*vlt'w of all fnoU>r tronhIoK. It ]« niY<itun'd 
Ity a prartind inotorUi for td! who moUir. Mon* infftrirmtUm for tho iijoncy inaii imur 
U'foiv ulTunsl. No ili'tadH lujuirUtl. .sjxi* ijh'Iuv IVUt . 85 ctdU 

LOCATION OF CARBURETION TROUBLES MADE EASY. CoinpiliHl l>y 

Vic'nm W. I'aiik, M.lt. 

This vhun shows all itarU< of a tyniraJ pn'wtun' fnsi fmd supply sysU'Uj and kIvm 

cauws of Innihlu. how ut lucat^j dcfirts ami nn'oivs of n'lmnlyim; thi*in. 

lucliUK. VrivM .. 36 rrnU 

LOCATION OF FORD ENGINE TROUBLES MADE EASY. ComjnlHi by 

VlOTUK \V. ViMitf i\l.K. 

ThiK kIhiwn flc*:u‘ wrllonal vh’ws tlcplrtlng all iHtrlioiis of tho Ford })<>«cr plant and 
auxilhiry unturu It nntllncK vlivu-b .Jl iiarm of UuMHiisino, fm*l suptdy $Ystoni, urni* 
lion izritkip uriclcHsdiuK syatotn. 1 hat an* apt U> invo tnaibjo. drtaihiiK all (U^rarwcini’iitN 
that an* naiilt* lo iiiako an ('HKnic lost* imiwit, start Imni or w'rtrk Imvularly Thlv 
rhart Jd vnlimhln Ui sludouia. owncfs, aiul drivots as it sUMiiUflt^ lm*at iiNt of all niithio 
faulM (If ansit mlvuiUasc w instrucUtr for Uu' novUv. it can Is* ust^il oi|unlly wHI 
hy I ho mon> os inti as a work of n'fm'nrt' amf nvh'W' it c.m Ih' itirrnsl ]ti tli(*Ps>t 
Imx or |KM*k(‘t nitli iHM' and will savo it.scost In IaInit cliniliiat^sl ilii' ilrst tlriH' nu:ino 
tmuhio iiiiiniftwlK IlsHf Pn*|)anil wnh sjH'cial rrfi«niMT u> iho avtr.mi' mail's mv'ila 
ami IS a pr.iciirul rcvk*ir of ad iimiPv tronhlt*s iNrauw* If. K hasrd on im* actual ox- 

t iorionrr of an auuirnolHlc i'nKlnoiT«nu'chaiik* wiLli llm imsdnudsinthi'cliHrtdcsrrn>uK. 
t (‘nHhkv thr noii'U'ubnlcal owner or oiHraCor uf a Kord car (o 1 ik*uP) onfrlnn dtv 
ran^t'nH*nU hy to'stoniatH.* ecarrh.pmhxl hy lOsil.v nt*npni»«l KynipUHnNiriKn>ml of Uy 
(pjTMwork. It makw the avurotio owmT Inrlepciidcnt uf tlto ri'mlsldo n*piur nhop 
when UniHrif;. Mimt Ihj «ix4i fit 1 m i ajkprmaitfl. Hi£4^ 2 .SK.iK hirlii'K. iMnt^d on 
heavy Ixmd pajMsT. I'rico.85 rentd 

4 

LUBRICATION OF THE MOTOR CAR CHASSIS. OiiiipiliHl by Vktoji W. 
M.i*:. 

This chart prrfirntM tho plan vh'v of a tyiml Nlx^cylliMlor rhomls nf Nlandord (twlen 
and ull parts on'charly IndiraUsI that flcinand idl. alw> thofrisinHiry with which they 
mnst ]n> hihrirupxl ami the kind of oil ut \m A jiractJCHl chart for all lni*«rf«t«d In 
motoiM^ar inidntoDanci'. Hiw 24x39 luebua. Price.85 ceoti 
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LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY, CihkpjWI 
by VurruK W. PauIj, M.K. 

In thlK ali iiorin of a typloa) doiihlct ixnillnn RyKi^ni luine hatUiry hnd n^acnAto 

current .vo shown, and mkociwUoiis am clvt^ii for madlly hudiug l^intiuu troul)l«« and 
eliminating them when foumi. Sim 2 lx:iK inrbus. . 35 eviUi 

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. Cc..n]M 
by VitToK W. pA(ji, M .E. 

Thr* most <H)m|>U«t4« chart yiM. dcMAHi. siiuwlitg all of tUo ni(Hl<*ni aiitomohlio 
xlarliritf, hiehUiiK aud iKuitioii syvtnns. KlvhiK hiHirurlionx for UnmUcmi of 

ail faiilu m wiring. Iamj>s. rnolor or geiMTuLor. K¥r1U*lH‘s and all other oruU ImvmIu- 
uidit U) motortits. cliauiftmrH oml rvixiirmen Size 24 x 3K InrlHw. l^(n> . 35 rruti 

MOTORCYCLE TROUBLES MADE EASY, (‘oininbil bv Vunm \V. Vsuk, 

M.K 

A chart. Mm wins occtlonal vU»«r of a Ainsh«-cyimdrr saMjIlne luiKlruv Tills ehart 
Minplllhw location of all ^Hiwti^hlant truulilcs A binsU'H'yliinlcr inonir H nIiowo for 
HiinpUcity It nntlini*^ dn^tUu'uy all liarn* hahio Ui give irouMo anil alxi deudls (bu 
Ueranseiia'utK apt Ui Inivrfcm with MiicMith engine u]>nraMeii Tins chart will prove 
of caUie t4) all who have lo do with the u|aeration, ruiuir or aaleof U'oUjrcycki^ No 
doUkilf omitted. Size d0x20 Uichua. J'rKo . .dfrceali 


AVIATION 


TWt» N K W A VI AT I i »S DOOK'S 

Ju$f o0 the |rreef, Ciew compUte information on tvtry pha$e of 
atronautie$. Learn to Fly by 0yini, but prepare yourself in fAe 

{ round work by Home Study, for eiptrienee in the air* Valuable 
ook$ for reference. TVie^ ioi7/ itart you n^Af. 

MODERN AIRCRAFT, DESIGN-COr/STRUCTION-OPERATION AND RE- 
PAIR. Uy Majok Vktdk I'au^. 

A IxMik for all Mmlents nf Airrrafl Jusi off llie iinw. Thu* Imok of Wr» paao« is Urn 
IUOnI com] 1 ]etc work ever ih**uc*< 1 on .tviaiion It ts wrilten ui Minple Inrigiiiise for 
the IVueiicul Mail JL shows just how uriv airi’lunn flit's and Js tNinlrolhil. oiPlinra 
urn I dmTilH'>( ail imiMirUmi isiris of the phiieaml iiisL wh.it tliey do and how (hey aru 
iiM'al ('oviTs rhe I'oinnu mal fussihilna** of uln*rafi tyiHw. oiUlinis their siihm*:! 
of nsi'fiilncNs and (*onKidiTS (he nisi of llyiriK Tlw' <«|Ui|»tJieiit of ainuniH. airway;^ 
and iaiidlns Helds is lonrluKl n|Hin and a iMinpIcu* and easily uiHlersiocKl extii.uiation 
of all Uraiielii's n1 uenMlynainns us w*ell as a nnnideU* glosKary of Urtas uist'il ui ui*n»- 
luiulie^ are ineludni Tins ImkiVU'I inelurUs a d(*«*npiMm or Urn Uynn NVI* mono- 
nlane down from New York U> I’ann h> ('olunel C'lnuitv. Lmcil)i*rKh and Urn Wrigid.- 
Ilellunrd iiHMioplane tiowti hy (*bin*mv riuiiiilierlain from New Vnrk In IhThn. H 
ulso Mi^tiIk^ lUlly the Kokher tri-motorui monnplaim lined bv (Vimnmmhr ll>rd 
In 11 Ik Polur and irans-oiHonK* It is his TIm? W right airn^oohid inobir and (he navi¬ 
gating uistruinentM tliut nuulc iIhwt Epiw'lial KUghU puaslhic are fully descniaxl, 

Adn])t(sl us nn Inslruction Book iu (Ifly aviation whuoU and collt^gui. S55 noges. 
UviT 40U uiigravuigs Prirs* .... .96.00 

WHAT IS SAJI) OP THIS Bm)K 

“Your new Imok, AirirafV is a wondiT Vitt etmmlHe and uivbvthivmlnule. 

Highly inU'ri'siins niid a vahuhlo coutrdnition to tiie Held of aviulion I fisd that 
the author and imMishiW boiU have don** fully Kill in^r <a*nt jiikiIih' Ut this xpiemlid 
book which nwlly mjiouid In* in (lie JuiihIs of every iHrmni tnUevsii*i| In iIh' nrogrt'ss of 
Modurn Aintufl." (SigiMvH Pulp W Doiik. 

lldH l.awreiini Avc.. t'hieago, lU. 






CATALOGUE OP GOOD, PRACTICAL BOOKS 


EVERYBODY’S AVIAnON GUIDE. By Vi.tor W. 

A l*u|ku1ar Hook . .. This book, wriium In (li** form of a Acrios of 

kvMiiw or UiAtntctiunB. 8lvi« iltu rcudw at tiu* hesiuiiiiitf of lliu Kuh;oct, oulIIikih XUa 
^^HiiiciiULry amidynamJial ruk'H for ihn various fornih of flyinii niarliliu'at. doJirrKM 
typical tvwvontioiUkl anU uiironvunUtuuU fivins of lioavic^-tlmn-air and l)shu.^lhan-(dr 
frafl. thi) functions of Uir various lurtff of an ainikw, anil rovniN l)rJofly the vanoun 
of airpLtnn ixiwcr plunM in liolli uir and wuUT^tMkxl for It outMmw fully 
air lylies of laud and Msi tlyiuic inaclilru«, Uh'lr ivnlroJ aysUMUK ;md the nieUiods of 
flying. TIiomi am all fully jUustraind. 

WViile piloting an DlrpUno can bo Ummfvl only by actual pr:u*iia*, thin Uaik will give 
tfic I .udiT the various mUhm in airnbiin nminH and will MTvoaK a very vhIuuIjU’ Intro- 
duel Ion lo ilie nniUv subject of flying for llu* min-Urluilrul laTson who w 1 sIu*n to lie 
able to fly ati airiibne Just ar lie now u|H'rat4« an uutontnhlle fur IiinIiu'sh or pleasun^ 
247 pogiM. 14l> UlUHt/uUuus. tiOO (lutwtious and anHwuiK on avlaiJun. Prln:. $0.00 


AVIATION BOOKS AT SPECIAL PRICES 


Am very large e^ifiont of booki below were prinfa^ when publiihed, 
and in order to reduce our etock we are offering theee booki at reduced 
priceg. 

Although ihete book* were pubtUhed a few year* ago, they contain 
muc/i infor/nafion of value at the preecnt time, and in order that those 
mferatfed m ourafion may avail themselve* of theie volumei we are 
now offering them at reduced prices to clear out the edifiona. 

The principles of o^rafion detcrifred in these book* apply just as well 
to the latest types of airplanes and airships and their ertgenea which 
have changed only in minor defarla from the forms illustrated, and 
they are just as valuable to the reader fodoy. The beginner or sfudenf 
will gel much in/ormafton at low cost from the following books, 

A B C OF AVIATION. By Major Vitidr W. 

TbU liook dmcrlbee tho Ivuic prindplm of aviation, MU how a balloon or cllrlgfblo 
IS nuuJo and why it floats In tno air Ihwnlicw liuw un ulr|>lnnc ibeH It sliows In 
detail the diffvmnt parts of an airplane, wliat they arc* and wliai they do lUwciibee 
all typos of idrplancw joid how they dllTer In ccmstrucUun. ns well as dc’UillIng the 
advantatfM and dlsailvantaiRe of difforent tym's of hinmft It Includes u cumplolc 
dicllunury of avlalUm U*nns and Hear drawnuw of leading alridMinw The reader 
will llnd slinple histructiona for imiKuJdue, seiUiig up. and rlmdnK lilrplanw A 
full dc»h*ii|>tion of airpLuno coutrul prlneJides la given and uivtlnals of llylim are dis- 
cuasuil at lungtb. e 

This Ixiok answers every qucwtloTi nm* can ask aliout iniMlem aircraft, their con* 

itrunion and uiswatlon. A A’lr-cslurHUir uii aviathiii nitliout an tsixini 271 

latJ fiMx'ialiy ouulu lliusiratloua with 7 plates. ITicn.$1.26 

AVIATION ENGINES—DESIGN; CONSTRUCTION; REPAIR. Bv Major 
Victor W. Pao#, A S , S C U.S H. 

THU troatlae, written hy a recognized authority on all of the practical asiM^cIa of 
Internal minbusthrti unnne constructlun. riiainlenanci*. and re^iair. IIIU tin* need as 
no other book does Tbo matter Is luidnally arranged, all dewTipiivc nialtor k 
driiply uxpmeed and cupluusly llluslraUit. so that anyone <*un undendmid ulrplanv 
engfoe openitUiii and repair even if without |>revjouA nmhaniral (raining Tide 
work Is Invaluable for any unci desiring to becunie an aviator or aviation mochanlc 
Kotary lyiMw. such as Uh* Monowumio. and l^dthone. an* fully explained, as 

well as tfku Veo and radial typcc. T\v‘ eubhris of curburcHioii. IkhIMou. ccHding. and 
lubrlcutlon also are covered in a tburousli manner TIk* chapters on rejiulr and 
niaknuinanci* are distinctive and found fn no other Umk on IIiIh Hiibk*i*t Not a 
twhnleal iHxiki hiii a ]>raciicai. euNlly uiiderRbKgl work of ren'remv for all Intercwted 
Li) avruuauiical sclouvo. 5H9 pagee, '2fhS illustrailons, J*nce. net $1.26 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


APPLIED AERODYKAHICS. Ii> ( 1 . V. Thumphon. 

Thl!) In t vleDllllc and madiomaunil that litH a apraial u» tho ittmlent 
and pnsliUM' vho ar? AniioK curt iafrmiuikm on iIh* aiTwIyDamlrh vT iHarKT-tJurh 
air cr^ an<) data uo airpUnn (lAtiKii U«Uux In acUlUion ui a very full dlsi*ii«dtju 
uf the utudJlkn wlikh ilvUTniiim \\» <*pnnl ami nu* of Hidib of an adm^no ajuJ 
itw oninud S)y whirli Um 7 m\ hr raSrtdaUi). iqari.i1 aiuidhai jukl Ui fluhihty 
—a pniliJum now fairly well umli'rNUKHl. aitd Ui nk]iln»llakuiM>'-fNir knowiiMlgr of 
vhlcb Ik atpmR«nt in a mw\t innn« rIctAniury atauv Aiuanhin » clinriiil ui iIm» 
iiumcfouK diruiioiw in wlilrh furlhrf infnrmalluii U nrinirrd, i^ai'lally ju ilm form tff 
fuU-iuilr Rikiirrlna^nU. 912 |kmc(« (7 x Mlj. lUuatmUil wiUi ovtr 142 Ihakranv 
and Ciraidik ('harta. VxUv . 15.00 

GLOSSARY OF AVUTIOK TERMS-ENGLISH-FRENCH; FRENCH- 
ENGLISH. l\y Majoe Vimm W. Vah^, AS., S(Uli.R., uxI 
Paul Muntauiot., uI thi* Kmirh Vlying Vmt^. 

A compinia ahnwiry of pruilinUly all titna ufnl la a>JatJaB. baviog UiU InboUi 
FKOcb and Finillaii wltii aiiuivahtfiu in ulcbiir language. J'rive, , . 50 rrau 


BOAT BUILDING 


MWIATIJRE BOAT BUILDING. Uy AintHT C. Irfuim. 

('oYifinii tlir nniMtruidKHi of work I dr inMb4H of nriiiR nivl powrr boaU by arm* 
Iron A (‘ow'iw and niiu|4i*ir wrltMi in iii)diT>Aatidal>ii’ lanauiMCi* (‘ovitnng 

niahnr naiOrl tiittknqc Mi Kitunl and the »\wiitU- rLwi and <vnMriMl4nn rif niiimtuuK 
famuMK mliiPilnrf nmiin ^all and jniwit luaU Tho Wm$ illnkirni^il ami dnurdanl 
have liwn drvrkquvl fnnn an inxInHinnK fniiiiL of vii*w raihrr ihiin frum a (ny aipcB’ 
In Una laaik Uh' aiitlHirh \m>v illu»iriU<ii and d»*mlMl akp liy tcu^i. Un* \k%[ niiidi*l 
maklni Mrarlin*. froiii likNi'lirUoii of Ihi* mw itiairrial lo (IxMMiupinUil ImwIk <*nm- 

6 14* dciilirQK fer atiMiii pimir iilank. Im’linlmR tulnilar Imibra and Uu« iw'li fnr 
ng tbru) One, two and finir i*ylliid<T I'njdniv an* aluo fully di'wrlbm. AMO sm'* 
dally pr^parnd engraYiniPL 242 lugu*. Prkv . 13.00 


BRAZING AND»SOLDERING 


BRAZING AND SOLDERING. Ny Jamer F. IIuraot. 

Tbu ooJy UkMi that ahuvn you Jurt how to bandlr any job nf Nmdnfr or Koldorlna that 
roum oioiig. It IHU yuu wbal niMun* u» w\ l»u« to luakc a funiacv if you nii*d urw. 
Kull (jf vaiuaMn klnltt. The rinh I'dlUnn uf thbi hiHik ban just l•n•n puMidKil. aod to 
it imirh now inattrr and a \jn»' unnilwr uf Uwted furruuU* fur all klmh of auklvni and 
fluxis have bivu added. Ulustratixl.y.35 caAta 

SOLDERING AND BRAZING. Hy Ra\*uokd Fhancis Vatk.^ 

Thla fruatiM* rivim all tlm ‘*kinM'' that will mulik'uno lo arrumpIMh Kur> 

rrWul niUlifuiR If a uurlianir Iuk not MmHdrU in liH MikterliiR, thU liuuk awy 
^^1 Mitn pu «1 wluil Im nmU to pruduev ruxJ work * -auiueUiJnK that tie luay hvn*tu> 
ftre hAvn forgutm Frice.75ttAU 


CHARTS 


BOILER ROOM CHART. By Geo. L. Fonxn. 

A chan-^ic itiSA inrbe*—thowlrut 1 a Innn'irtr penpertive tba marbanlima t» 
ImitiR Ia a iD^«n boUrr room. IV various nana an sbown broken or removed. 
BO that the UiternaJ mnBUocUoQ bi fully UiUKtratrd Each part bi Rivim a afiatpca 
Dumber aad tboeo. with Uw ccmpotidiug name, are dveo Ut a gloKary pnuted at 
.S5e«Dti 








CATALOGUE OF GOOD, PRACTICAL BOOKS 


GONDOLA CAR CHART. 

A chart show Ini; the Anau>m; of a KonfloU rar. having evAry part of tho ear numberod 
anO tin proper rt^uroncKi name Kiven in a referurico Uai .86 eenti 

PASSENGER CAR CHART. 

A chart showinK thranauutiy ofaiaNKriiKiT-ear. havliaa ovary part of tbo ear numbered 
and l(a proiNT nainu islven in a reiereiicu liAt. 85 eeoti 

STEEL HOPPER BOTTOM COAL CAR.* 

A elurt nIiowIii{; ihe nnatnroy of a Ntt'cl Hoi»ikt BoU4>m Coal ('ar, having every pnrt 
of Ihi* car numlH*rt'fl anil lU pru|MT iiajoc given in a n*fen*nci' IInI .... 88 cenU 

TRACTIVE POWER CHART. 

A ehari wh(*n*hy yon can find the traruve iMiver or drawl>ar inill of any kieomotive 
without mathn: a figure. Show^ what eytlndiYx equal, how dnving whivl^ and 
iit4^iuj pri'SNiin* alfivt the ih^wit What Klxi'd engine you iii«*«d tn oierl agfveii drawbar 
pull or ouyUilng you in UiIh Inu?.50 centi 

HORSE-POWER CHART 

flhown 14je horsi*-power of any stationary engine wlihonf eaJeulalion No mailer what 
the rvlliuh*f dlameler of eimke. tin* Kt4*ani pri'SKun* of eul-tiff. the revulutiona. or 
wUcthi^ copdenshig or iiun-(*und<iu(ing. il*s all there Kasy to tjsi\ aecnrute, and 
eavcb inne and cAleulatioiiK. K^ptriolly nM'fuJ to eiigimiis and desIgruTK 50 eenU 

SUBMARINE CHART. 

A erofM*secHuri view. Ahowiiig eleorl)* and dUiirieilv all Ihe interior of a Siilimndoe of 
tlie laU«.i tyjK* Von gel more nihM’niaiion fruni ihU ehnK, alKuit Khv ron<iruriion and 
OftTatiou 01 a Huh mart no. lliaii iu any othif wa> No <fulall^ oiiuihnI- ever v thing 

U lUTUmie and to H*uJe .Ml ihe ... and desn*eH IlMeil lu :i Huiuuuruie Ihiui 

aix*ahuwii. 86 centi 


CHEMISTRY 


UOW TO MAKE AND tAe A SMALL CHEMICAL LABORATORY. By 

liAYMiiNU PKANfMH YAms. I 

The iriNiliw* eovern all of lie* fwwndiaN of eU^ienhin* elieniKtry The I.ih of deflnUn 
proportions. Milodonv ervsUdlouK eidhmU. eUvieolysK etc*. an* e\|j|auieiJ Tiic 
MtHiiul iKirl of Ihe iKHilk iv di'voieil li> elii'Tiiie.il atid ehs iroH 1ieriiie.il ex|M*nmenu. 
Onf) Hum* exjMTiuienU liuL will lend Ni hroathii Mien*aiterM knowhslge orr lienustiy 
m g44iera1 have lMS*n ehciM*ii PrM*e. .75 eenU 

CLOCK AND WATCHMAKING 


CLOCKMAKING: PAST AND PRESENT. Hy V. ]•. V foiumw. 

WiLli wliieh l^ iiii*i>r|K»ralMf the nuin* ini|M»rtanf iMirflon of ''(’ItM'kt. Uulehea. and 
Hoils.” Ii> Ihe Uf4* jA>nl Mnnitlu>r|>i\ nlaimg to Turrid f’loeks and Mr.ivUy KKni|H«* 
nieripr Hy K. (' Cordoii. \l \ . A .M I (* K . Sii|N*iJnie'ndeuI of WorkshoiK of 
the Kniriius^mui lleiurinnuit of ('iimlirklgi* rniviTsjiy A iiraetinil IhkiU of sianual 
nileroht l4> the C'lu'kriinker. Iie|mn*i. thsder and <’<illienir. in wlmli lire iiuthiu* 
ehdouvuni to iHMir 1opii'> wIdrU linve nol twNui i'n\en.s| lM*fon*. oi whieh from 

his own namYiiiHi* nH|um' more alUiilion than they have liItJuTlo nsviv^sl 24U 
IviKiw t'ully illUhtrahHi hy Diagrams and |»)aU» of l^ng Tum*. llrorkol oiul rtliicr 
Clocks. DulU, Jlands. oP* Prun 96.00 

CLOCK REPAIRING AND MAKING. By V. J. (UuHArir). 

I'mcitea) Wufelmiaker AuUkit of ’*Watch Ko|Mfrfng. C'leanme and ArljuKllng " 
A uTHCUral liandUKik dHdniK whh TckHa. Mai4*nals. and MetliiHls owd m eleamng 
arm repuinng all Kinds of KngliMli and Foreign Thig^pkveK. Sirlkaig oinl C'lilninuy 
Olocks. aud thn making of Engibh (Wks. ItM jiagtw. Foiirtli I’dition llluntratod 
by ougravingM. Frku .... ... , . . 98.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICAL HOROLOGY. Hy li. K. Lamuian and A. lUia.. 

IKnpHKmiiRtfnM'lv illusiniU'tl A|»raclk*iil nmtniAl imi Uw* MppliruiKMi <>f thr pnnrlplrfl 
siiul prarud**. of vWinnty Ut lK»n>liHCH*u1 jual iniirlnia^ fc»r I ho 

iiiorM unci imn^mivcnm cif imih* «ilh an cunniunt of tiH* curlnNl i'Uvlni*all>'<lnvfn 
rifx'k iiH'iliiiiiiMn I Ml llliisirutnl I'rur $3.00 

THE WATCHMAKER'S HANDBOOK. Ii> Vuwuwa SAi>Nit:K. 

Tnuislun'il rmrn llu* Kn*m*h Up SniitiuT. kikI nrilarpil h.v .hilim Tnpplin, 

KH AS. and Kd»ai*cl Htttti. SI \ \ «iirk»>l(t>p ntmimiNuiK tiir llicno onicuKcvl in 

HiiU'liinakint: and tUo allnil nnidtuuiral .iri^ As «iu otii'.sHtdHtlM tor ihr pruiiksil 
aiMl iliis Wi»rk hlaiHts iKirsinnnini Tlio rhapUr i»n itraHlrul 

aliiric* is a mini' nf iiirnniiaiiiMi ibuto Ni*h and n'usi'd i^tiimh 

II fnldinp plaloh I’iKT $5.00 

WATCH REPAIRING AND MAKING, liy \\ .1. (5AHK\ur>. 

IV.mIiimI WundiiiiakfT Aiiili(*r of "Waltdi lli*|Kurirns. ('louninu siid AdiuKUnir" 
rMM'fh iho rioaiiinis niicl Ki'iMiriin.* nf V\an*lH». TnMis nn iho mutorials .iiiil UxiN 
iisiil Shuus lki»w Ut .iIUt anil ^idjusl .ill kimlH nf KiiKlndi .mil Knhnini VSniohex, 
lli'IRiiiors (1inunit.n*«ipliH «iihI M.irlno ('limnuniHtTs 2I4 luuns, SmcniMi viliiirm 
lllusindinl l>> oviT J 1 X 1 ongraviiiKh rricu .$8 00 


CONCRETE 


CONCRETE WORKERS’ REFERENCE BOOKS. A SERIES OF POPULAR 
HANDBOOKS FOR CONCRETE USERS. l*rc!«in-<J l.v A. A. Hni .iHTnN, 

Thi tntlh»r. in itrfinintKi lAiv Srnt*. hfi> nut i*nh Irnitnt on thf unufit fypet nf ronslruftton. 
but fipUitnn find itlns'trtttrs motih nmf s»strms fhsii itrr not pittrtttrd. but iihnh ttrr equal 
tn mtuf unit ullrn saiH‘not fi> thosv cr.s/Nrtrrf hu puients Their ttiuM* are errif mutu flnd 
(heaplu iousirmWit mot rtniMutu '•fUtpUnlu. fuimtitii of uiierntvm. and fbr musl iiirres^fui 
mulls tu the Mtilrtrtl nmirrl* Emh oi (Am bimki ts /uUy UiuUralfd, and thtHLijeih 
life rjl/uusure/u trcntvtf tu plntn h'/tqfisb. 

CONCRETE WALL FORMS. Ily A. A. lIcMioirniN. 

A new anioinalic wuU ckinip iltnsiri$nl with wnrkmc rtrawlnpv. Otlipf typos of 
wall fiirins, clnmiiK. .s«*|Niraiors. Hr. an* akui lUusiraMitl ami eiplaimMl. 

(No I of.SiTn-s).. 76 cenli 

CONCRETE FLOORS AND SIDEWALKS. ».v A. IIoiujhton. 

Till* III nil Is for 1111)1 ill ML' Mpiarrs InAa^nm.il and iinui> iMhiT xt .Nil's of nmilr flimr and 
BMlr H. 1 1 k I ill a'k.s an* f u 11> il lusU a ks I am I rx plui luxl. (No ‘1 of Si 'n(»i) . . 75 r« u 1 1 

PRACTICAL CONCRETE SILO (;ONSTRUCTION. lly A. A. HorenTos. 

(’iinifilcdi* workini: ilrawijws junI sfKrdh•alums an* civrn for .siwiTai »l.v|fsi of rcmrfcf4% 
mIos mill illn.stmikons of molds for iriiiMolilhM* anil him k kIIi*.. The tabU'H. <laU, and 
niri»rinark(Hi iih'M’nutl in Mils Imuk .in'of lln'iiiniosi valm* in jilamiim: ami coiiRtmrtlnK 
uU form>» ofcDiM'n'U'Mlos (No •lofSk’fii'Ki.75 CfulB 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 
IlnrcMToN. 

Thru ni lu if.u*l un* of a IH > i M's of <i nir n 'tr xlalr a nrt riMif III i • I*? full v t rcsTi i-<l V aliiahla 
diiUi on all forms of n’lnroiTiHl ronrn'U* roofs an* rontaimsl wuliiu lU page's. The 
nmsirucHon of ronmU n rliiniiM'.Ns In hinrk nml nioiioliilursysloms lx fully lIluHraPxl 
am! di'!«'rllM>il A niiinUr of uniaiuimial ili'sjgiis of rlninm’.v oouairurUon wnn molus 
urr shown In tiiib valuahlr in-aiisr (No. 4 of fkrli**.).75 cents 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. IIotiOHTON. 

Thr tiroDcr iiroimrtions of oi'iiirnt and .-urKritrah** f*”* varionx fliiWn^. also tlie niHhod 
of thonmghiv iiiixliig anil pl.mluK In thr molds, an* fully tivaicsl An exhaustive 
ln*alisi' on tills *m1>jirt that iniTy conm'lo worker will llnd of dally uw and value 
(No. 6 of Srriw .. 
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CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By 
A. A. 

TliP mokdlufc of cimorpie monummtA to imItAlo Uia mcnt Mpouilvo cut atono ia ei- 
jtlHlmtl In I hi" tnutbw'. with Mrorklnc dr»wknKa of roAlly built molds. CutUnR in- 
■chptloiu ami dosl^tis an* aim fully tMiod. (No. 0 of H^m.) ... 76 eanli 

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUHS. 

By A. A. HmmirroN. 

Siiniilo imilfiK and liisiructlori am jtlvm for nu»l(Ilna many "lylni of mnrmtf' bathtubs, 
BwJirunltiK'jMKiU. otr, ThisHi nioUh arr i^otuly built ainl iiormll rapid and Hucressfiil 
work. <Nu. 7 of .75 eenti 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A, A. HordKTON. 

A riomlKT r>r ornarni'otal rtmmMAi lihdKva with llluxtratbms of molds am vlvon. A 
rullaiHlbU’ miUT i>r oon* for brldtuv. culv4'nA and x'wi'r^ Is fully IMuHtratra with do« 
uUiud luHirurtluub for building. (No. k of Mciicw.).76 ctoti 

CONSTRUCTING CONCRETE PORCHES. By A. A. Hotuiii-mN. 

A num>H*r of diwlsns with Wiirklnu drawliutK of moHs an* fully oKpUlmsl so anyone 
ran raHily nmsiru4*t "tyliw of itrnainonuU coticruUi jHircboh without the pur- 

chai9e of molds. (No. ll of dvriex.) • • . ..76 cent! 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. 
A. Hoiunm»N. 

1*hr ninldlng of aoumlicrof drebnnof lawn M*ats, rurblim, hJlcJilnu posts, ixTRolas, sun 
dials and uthir fonnx of oniaiTH'iiUl conmiM* for thi* ornaiiu*iita(JuQ of lawii*< anri leur- 
dons, U ^Uly lUustraiod and dcwcHlxid. (No. 11 ofbc'noMi.76 rents 

CONCRETE FOR THE FARM AND IN THE SHOP. Br H. Colin 
CAM rb»:LL» iWt., K.M. 

A now book lUustrathuc and dnsrrilHng in idahi. simplo lananafo nuiny nf the 
xiiiraoroiiM atniliruUuns of concruto within tht« rangouf tho homo workur, Atonng thu 
■tibJistM m*au^i are. 

rrfrioiplcw of n^nfordna: mothnds of prr>ti«rtlnB crnxTofo so aa to loKUm pmixY harden- 
tun; homo-madv mlxitw, tnlxliiK by Inmil^ul maelilno. form conNirtirilcHi. diwcrlbod 
and lUuAiratod by drawings and photogmpiui. cotislructiOQ of cunrn^U' walls and 
fk>no'x; (*onrn*u« frnco mnU, concix*tn galo iMwtM, conu^* |tuxtx. cluiiicK lino poeta; 
gmpe arlKir ikjkCh, tankx. titiuglit; (nxu'rnK, hog wallows, foi'tllns floors and bant- 
yartt ixivomcpui, fcnindadons, wollcurlisaxul pljitidrcns. lnd(M»r lloocb,sidowalks.stops. 
concrt'to IkiI lw*ds and eiild rnunes. euncn'io slab nxiTs; walls for buJIdlnKB. ropalriDg 
U'vks in lanks hiuI olsumK, otc.. Autinibcr of i^onvvDiout ami nnudlcal tables 
for miimallDg ouanUtks. and somn practical rxampltw, are also given. (5 x 7>, 
14t! |>ages, 51 lilustraUoDa, l*rlC6.Si.OO 

CONCRETE FROM SAND MOLDS. By «A. A. ]io(?QBTON. 

A lYactlral Work troatlng on a process which has horolofore hi*cn hold as a trade secret 
by Ibe h’W who ix><(M'WH'd it, and whlcit will surc<«nfully mold iwory and any class of 
omaxnentai cuncroU' work. Tbo pm>w of molding ooncmie with Nond molds is of 
tbc practical value, |> 0 )aKS!nng the timnlfc^d advaniugiw of a low cost of molds, 

tbo oAse and mpkiiiy of operation, initial deUlN to all omanieiital diwigns. den^ty 
and IncrcuNod sirongth of ibe* conerrto. rx'rfivt cunng nf the work without attoatloo 
aod the nwy removal of the niolds regaMless of any undurcuiUng tbe design may have 
102 pages. Fully lUustratod. i'lice.Sd.OO 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. HouairroN. 

The procowi for making ontamnotal concrete without molds has long been held as a 
sec r et, and now. for Ibu first time, this proenn ht edven to the punllr. The book 
reveals tbo secret and Is the only book piibllsbed which oxplalus a almple. practical 
method whereby the concrete worker is cnabhd. hy employing wood and motal tern* 
platen of dllTereiit designs to mold or model In cnnrr\tte any Oomico, Archlvolt, 
Column. PudeetaJ. Raee Cap. I'm or Pkr in a mooullthlc form—right upon tbe lob. 
Tbon^ may bi* mo4dail In unlu or Nock", and th<in built up to salt (he siKxdflcatlons , 
demandul. This work b fully lUusiratod. with detailed ongravlogs. Price . 69.00 
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POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By 
MTBUN II. 

Tbe author ha« bruticht loKothrr In ihlR work nil thn sal lout matter of Inlomil to 
tbe uflor uf <'micruUi uud iiH many <llvun»mtid jiriMlueiR. The iimiuv in in 

l(«lcal and syiatumlic order. ck*ar]y wrilum. fully lUuMtraied and freo fr*iru ItivoWod 
nuitbuinutio Kv<T>ihiMK of valim to ihAennrrota uarr lx rIvivi. hududliiR klnda of 
criiHAl«mi>loynd Jn ron^irorUon. rnntTtfto arrtUtrctun\ itufHJctJun and VMitiR. wator- 
prooUne. odorlntc and itaintitm. rukK. lablis, wnrkioK arnl ctwl duia. The book com- 
pria(vUiJrt) -llii*oochapU«%.4:«l|KiK<^. i^fViHualr.Uionik JTice .... 18.00 

DICTIONARIES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conor 8i.oake. 

An jndiA|H*nHah1i» Hork to all hili'rrxiud In elonrtnkl nrkinrfl i^ultahU' alike for the 
Mtiideiii .ihd nrfdeKsicHial A |•nler|(*:d li.wllyook r»f n*fi'fi*hc*i* mnUlniUR didlriiritmA of 
alKnii rrfm) dWtlnn wonlx. ivnw and tthraw^M The flc 1 fl^ltlon^ are U*f%e and ronciee 
atid Ineludo evi*ry term In elirtriral iHintre limunly Iwmed. An entirely new 
edlUuJi Shonid In Urn of all who drslrn to ktx«p abrcaat with the r>rocrt*aa 

of fills hntheli ill M'leinr t'linnilHe. I'uneisi' and i'oMveni«*nf. TIR) 4117 lllns- 

irauuae. New and Knlanotl likluiou Price.85.00 

I 

DIESEL ENGINE 


DIESEL ENGINES: THEIR APPLICATION AND OPERATON—MARINE 
—LOCOMOTIVE-STATIONARY. By Daviu B. .Ionks. 

TJhx iH the InN'Kl Iniok on I In* sul>)n I of nirM*l KiiRhie^ wriM4*«i imri'lv from n prirllral 
Rl;ind|Kiiiii. in xlnipli* hiiwniiRe. to eimlde I la* oiHtaUir und Iht* xluitnii lo ffrHH> I lie 
prjneliih^kof Mii*> l>|H*iif nnuiniM'unil in brliiKunl Uh* ■ulvariUMteenf thlx form of prime 
mover in Ue vurnnis UeldK of uiKT»dani 

ll hliouUt In* fniiml iiixni the desH of evwv ikiwit HtaikHi oia'rdlnit rmdiUHT and every 
Hiiirlrnt nf imi'lmiiletil eiiaminTMu:. ns it ftmlolOK data Hint tn jijvaluable, and the 
niil> Aineneiin iKMik miiiaMiiim itii llhisimt4nl elnipu^rnii the amiln'uUon of tlm Dh'xtI 
KiiKine lo lUilway Tlie iiniMirtHiMV nf Hie liit‘*M*l Vmipno eannot b<^ over* 

<whitial4vl itnd Hie |iinKn9v.is'eenKMi(RT xHII lliul it hpiduly Uievtoiid lux knowlixlin*inln 
iJie fbiv«*I KiiRiMi' field Aniiina tlui ehapU'rH an*: Thu Diexnl Enidm^KlemenUiry 
TheriiiiNlyiiainH'H'-KleiMeniary Prlrwiidi's—iVimiuratlveEfneHitrieK DolaJlHof C^oii* 
Kinielion- Sjiray Vaivii* -Kiiel Ihimfix. tJoviTUoTN. Kuel HysUtii** Valve (loarx— 
HiHrilMR Hiirl ReviTxinic Hean. IailiriniilnR and Clrenlniina Wat4ir HyMA'iin*--Indica¬ 
tor Tan l^ and KriRinel'iwliiiK • OjM'ralmri of I)ji*m*I Rntflnm • Re]in«onl>ilJvo Typed of 
KnumeK HeiiTi'NC'iilalive Tyix'^ nf Kmiinee ennllmnvl -A IDIIH IliiTMe Tower Kul)- 
ina/icie Dii'nel KnaiMi* lbi**«i KiiKiiifN for HdJlriKul Scrvuiv—IThva*! Khtirln Drive for 
8hl|>s ITiiiMTtie^ nf l.iiliric*:duiK and PiHd t Mix —Marine liidcci for Vowels Propelled 
by l)k*eel till EiiKnn^. rit/i ]Kuci«t ;m dlustrwUuab. ITkc.85.00 

DIES—METAL WORK 


DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING 
OF SHEET METALS. liy J. V. W<m.dwohth. 

A fWvM' luatfnl liook.and one whieli Khniikl be In tlie hands of all e&itaicfd In Hie prees- 
working of imtalx. ln*aUntf on the Drslsnlnu. roiwtrucilnK. and I’w nf Tnnix. KIxtunsB 
and Devki'K IngelUcr »ifh the luaniier In *ldrh they Khnuid l»o iiwd in the Tower 
rm«. for tho chi«ap» and raplil Pfixlnrilon of the irreat variety of Bheet-rmtal artW« 
now In iw. U \* designed as a guide the production of shf^t-nieial parts at the 
ndnlinum of cost with the maximum nf output The hardinil/ig Md tempering of 
Pntfti UMiin anfi the clawt* of work which may hr [irodurt'd to the luwt advantage by 
the nsn of dh*'< hi the iKiwcr prow arc fully treated It* MB lllnstmtlons show dWs. 
prw «xi nr<*K aivl xhir I .inei al working dcvlro*. the divrrlptloiis of which yo so cl»r ana 
practical ihui. all meial-working meciianhn will U* able to nndorwtand how lo dewn. 
co^tmctandusQthcm. 7lhKdlUon. 420pages.WOlUiwiraiions. Price 84.00 
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DRY CLEANING 


PRACTICAL DRY CLEANER, SCOURER AND GARMENT DYER. IJy 

W'lLI.UM T'. Hha-vnt. 

T)H' M\lh ccimrUHl itiitKiii (>r thiK «cirk w jiiKt ofT Ihr ll th tiu* nuxl rnmim** 

and rt'lmiKr aiul \*nik lirr Hiuuktn niiil dim |iiihli‘^tuRl «ind 

tnalA luN> <rn ili'MiiiiiK Dlani uimI ot Ihmiziiio dry 

rli'aiium. h]M*t mill Klaiii irJMotnJ. «r 1 rJtsHiinff, nirlialiiiR tlii‘ rli^aiiiiiR f>r l^dni lirarli 
hUilN and othrr Mini liar fahrH*K. ihiHuiiK rliiiiiitl lalwu's. cJi'uiuntc .aid furs. 

HkJll^. riiuK and iiialA, cltMinni: and dvdiiii fiuthtTv*. I'lraiiiriie, dyriim and IdiH'kinjf 
MraH. fi’ll uinl Marmnm luu Hinuniii; and dyiiin? rupt and cariHds. hUaohiiiR and 
8lri]i|iinR KariiM'TilA. hU'judiinK and dyidnit sirsiw «uiil Kimw luit*. rkninnit: and dyi'iii}; 
(dnM'><, Kuniicni dymiK. ana]yai»» of U'Xiih* tahni’s. |»rw*iii'al rlu'iiuMry lur iJii' dry 
i’lcancM* uud Kanmoit ilyur. 579 41 illu^indiutn». IVicu tS.OO 

DRAWING—SKETCHING PAPER 


LINEAR PERSPECTIVE SELF-TAUGHT. By Hekmas T. C. KnArB 

'J'lils work iriw^ tin* rinniry ami nrariitv of llmsv |MTK|HftKr a*« u*yI In ar(*hlt4yt»rul, 
nnidmvrrint and nurJiuiucal drawiiiKv iVivnis rakniL’ u|> thi* Ktndy of tin* Kubjoct 
by llinnM4vi*v will U* abb*, by tin' iim> of ilh* inMmriMin Kivf'h, ki f*i*<idllv ^ras* tbo 
iubjivt. and by n*aMinalik* prut'Un* U’cnon* rimmI |a'ntMvHv4»dru^MiH*n 'I'bi* niTaiiRe- 

tiP'iit uf I lie Ixjuk Vi RtKMl llH' )ila1«' Ik on (he U^fbhand, while the ib‘vri|iltvp t4ixt 
followK on Un* opiHHde |»ace. m> v Lu Im* ntubly rrfomil to The drawiiiRH an' on 
RtUlknenlly lante M*al<* li> hbuw (be work rlintrly suid an* |>lainb* lluunnl TInfe ik 
I nrbuletla srIfn-xDiana(ory eiiaxi whieU rim's all infonoalnm lor lln* (liorcnneh 

uudi'TKUindmu oi |MTs(HN’iive Tbi'> char! alone is worth many CniU's os cr the jtrns' of 
lUo bm^k. 2d lii'VUKid aud oidarKisI KUiiion.$3.00 

PRACTICAL PERSPECTIVE. »y J{iniAHDH ami Oir.viN. 

Hliows just bow to make all kinds of navbanir'sd drawines in (hr only prardral i>or- 
ii|Hs'Uvi* Isornetrli* Maki** eierMbMie |ilabi m» that uii)* riiivhanir ran urnh'iwiand 
a sketch ordruwJnu in (his way. (niM*ln the draw lue riNJin and riuslukiw in the 

ftluijjw ('nnluins (irai*lic*al I'sainjih'sof tnriuiis rl.iAN''^ of work Mh hkbiion $1.00 

SELF-TAUGHT MECHANICAL DRAwInG AND ELEMENTARY MACHINE 
DESIGN, liy 1*'. \u Nylvkstkji, M M, JlniftAimiih with ^uidiuimn by Luik 
O iiiwi, aj=KO(*ia(o oilitor of *'MsoJuricry/' 

Thu U a iiraiiiral Inidisr on >tivharnr4l Drawine and Machine l)e>icii. eominiNlut 
thi^ llrst piineiido'^ of Ri*omelrlr ami inirluiiiMSil draw me. wurkshiip hiatheniatlcR, 
mi'chanUs. sin^neih of niuU*riaU and thu' ealenlatuMis and d»>ien of maeliliie detalU, 
The aiithorV aim lias lNi*n to adapi ihiK tri'atiM' lo tin* nsiims^inenis of (he tiriwkical 
nii'chaiiR' and voimi; draftHtnaii and (o nialti'r in aIs elear ami e<ineiK<< a 

man in T as i>usxible To nns't Ihi* deniamU of Uiis class of students, prueljcalb ail the 
ImiMirtant elcniciits of inaeinne d4^i4^n have Ikvji diidt with, unci in addition nleebraic 
forimiUs liavc Ihvm cxniamed. and (he elinncnuof ihROJH>mriry rreaONl ui the manner 
iHwt Milted to the iM*eds uf ()io pnw'lirul man The l*ook is divlib'd info 22 ehupteiw. 
and in arranclne the* mab^al. iiMThanlral drawme. imrt' and simiile, hits Ihvii taken 
U|> Mtwt, a^a tbgroneh nnderstandineof (4ie nrhinples of repn’scndhiir obji'ClH fa4*lljtAl4*fl 
Die further sindy of iiinrhanUM] MihjecUi ThU U followi'd by the* matheinallrs niv'iH- 
Rar> for the sob it loti of the (>roblenix in Tnaelnne dHum which are pn'senicvi later, and 
a pructiral Ininaliirtion to (heorelleal miehauK's and thesirenirlh of rinii^ri.d'C The 
variinis Hern cm i« cntiTlnR into mar bine ih'simt. Mirh ris r'Ztms. Kvars. Kprrw'ket'Whtwls. 
cone indleyN. I ml is. sen'WK. eoiipliTiRs. ehil4*hc>:. slLtftniR and ily-whcrls have liei'n 
tn^aN'd III siieh a way tv* lo inak*' iiosdbki Mie in** of the work as a U'XWixxik fur a 
CoutiniloUfi conrw* *u[ study. Ii45 (Run's. 2H7 eiiRniviims I’rlee. . . . $2.50 

A NEW SKETCHING PAPER* 

A now RiM'dahy nde<1 paper to <*nab1e you to make ekrtrhrw or drawines in Uometrle 
peniK'Ttlve without any ilRunnu or fnminir It is Udne uwd for shop detuU oh well 
u« for asH'inbb drawings, as It niiikiw one sketch do the work of three, and no workman 
can help mh'Iiik Jimt what is waii(4vt I^U of 4(1 Mbc'eis. (»x1t iiichua, 40 c^iUb. I'adH 
of 40 xhoutM. Pxl2 inches, 7b ccoU. 4U shreu, 12x19, i'rict*.$1.60 


t 





CATALOGUE OF GOOD, PRACTICAL BOOKS 

KLECTRICITY 


ARITHMETIC OF ELECTRICITY. Hy Pr<.f. T. O’Conor Ru.\mb. 

A prartl(*al vkvinral mk'dbtionKurAll kimls to aMTlr«t nf ikll 

of lliv Mmpk'si fiirnH. anti liiviilvinfC tml> onliiniry anfhiin'tk* *'M'U nik* llluNiraW 
1 iy ono or inon^ TmLrii(*at proKivniM. wMli tk'iailitl vilijiitin of ouc' ThP< l>ook in 
claHMil unioiiK lh(* rnoM iisiTiil wi»rks on tli4» >nniiri' of I'lirtrlrily, oovitIok 

ax H diM'M iht* rnuihoinniirH iit 4*liviri<*Uy in a nnuirx'r iliai will atifni*!. tUv ait^'iilion 
of UiOM* wLo ant nul fanulmr wilb aJavIvniral foriuuliis. Eililion. r >0 iww. 

rrlcv.»1.50 


COMMUTATOR CONSTRUCTION. By Wm. BAXTti(» .In. 

Thrhnskiir^^ noil ofaiiv (IvnamonrinoiornfilH'thrrri nirr«*ni tyjH* W llio<*omiiiiilalor 

Thi> lMK>k ia 1 (» lh<^ .. . iMoltliiiK. ami lonoitoaamv of tirniiinil.kUiiN. Miowa 

bow U» kiicaU' ironl>l('>> uiitl bow to n'lmtl) timni. ovnryoim wlic^fiisM^s wiih ilviianioa 
nixxlx iLix. CtUx hklluuu.35 

DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A 
FIFTY-WATT DYNAMO. Uy Aiaanu J. W kkh, Mmulior Kliri rn ul 

StH'b’ly. 

A pnu'Urul In^alU* xhowinu In 4l4*i.*ill (hpronxtfiirlHm of a <moII <lynanu>or mnu»r. the 
nntm^ jiLU'Intir work of wlm*b niii iK'dom'on axinall fiKn laMn* lbim*nxK>m‘4l working 
i|rowliiu% an* alvon for oiw*li jik'iv of oi.u'liim* work. .oKt <*04*11 oiHTiium lx <*li*arly 
dt'WTiiKxl Tlii^ im;u*Iiiim*. wlirn omxI asa il>M.ono. Iiaxnn oniinit of OftN «atM* whim 
nmxl us a motor ll will 4ln\<* a xniall drill im'ss or Unlii* It i'am U> iisnl ui dnvv & 
N*wltin m«M*Uim* on uii^ iind all nolirurv wink *riM’ UM»k is illnstruttil with riiom 
llijn xuij <jnKina1 <*ntfr.»\lints show mu i1m* iwinal ninMmriion of ilm ihthTnit |«vrts 
AiiHmi: thr t**Hi(<mts ar»‘ rh.ihtors on I. Kjftj-W.iM Osiiaiiio *-' SkI<* lii*:innf 
KoiK Kn-kl t^lll^U 1 nB I lh*ann«s (knmmtuuw U l*nMf> 7 llnixh 
fioilirrs h (*oiim*riion Ikxinl n Ar4natiin> Sliaa Ml Armahirt* II Ariiiaium 

Wnuliiik lU KmIUWiuUmn M i'lKnnrtiuR ami Huniiw. i'ncu. rloib. 91.00 


ELECTRIC BELLS. By M. B. SLKKmt. 

A <'onink*Mi irrvLUM* ft»r llm pr.irii<*.U VorkiT in inxUdMnff. oiNTnilnit. and itwiinR 
1 h*II <nn*nilM ImrRlar alarms. ilHTimisliils. ami iHIict anixiraUtK usimI willi nln'lrir 
UUIx Moth lli<* rUrtnmn .mil Hit* oAiMTinii'Mlt^ will Ihnl In Hio IxKik iii'W mnltTinl 
wliirli lx i*hM*iiti.il 111 Him wiH-k Tixils. Iw'IK iMtUYH-x. iinijsnal cnfi*im*». hm'lar 
fthrms aiiMinifUlorx. svxlfiiis, Hmtoh*smis. l•lpl•nll linMk<*rs. tiOM* aliinns. .md oilirr 
ainxiruUis usini in l»*irrir<*iJiis an* tloscnix^l Inim ihv KlandimmiH of ilimr .ippdifd 
lion iiiiiMnirlmn- ami n*pair TIm* tltiaiUsI nuxinmlinns for huiklmu tin* HpimraliiK 
win uniHHtl lo llir <»%pMTi»Hnii<r iwrliciiljrly Tho iirnrunil workiT will 11 ml 11 m 
clmiilofs on Winnu Calml.illon of Win* Sisi> and >\inthniD». I pkis*p of 

HiKi**iiis ami tin* l.o«*aiion of Kaiil'w of Hm* RrcaUwt valuu iu thmr work. i*JI ji.nn*x. 
Kully iJhJslraUnl. Mrim. 


HOUSE WIRING. By Tuoma^ W. Porrii. 

This work dtscrllir^ and 1llijslrati*« Ihi* acHial InstAltatimi of Klrctric WIrliie. 

tho’inanniT In whlrh th<* work xlionlcl Iw'dtHm. and thi* motUml i>f doJUR il , Tbi* Iwk 
fan U* i*on\c«nM*ii(4y oamttl in Uif imfkfl II w ioit*iid<*tl for ihr KliririHun. Ilrl|is. 
ami AimnmHtx* It xnlvtw all W iriiiR I'rohk'mx a ml mnUuus nothinR that mi flirt a 


will! I Ijf rill intss of Ihr Natlmi.il Htuid of Fin* rmJfrwriii*rs ll/nfsJUM tht'iuformu- 
imii i“ss«*ntkd lothr Sn(*r.-sxfnJ WijinR of n Jiuililiiut. Aniom? I in* xulmrj* imiiitl an* 
! iiu I hf M i*t < T I *am *1 I kw rd < N w M <*b< -s MI me Ui vi*i d nrli •x J Jrark • 1 s (I'l I«iR 
ilul nL Tii* klflor (ronm-riHHix Tho Kml Win-. TUf Slml Arnionx r.ahU* 
8 \hU io Tlv' Klfxibh* Sl**»*l (\mcloit Hy>.u*in Thi* U1«li« INimluil Syst4*m A diUi'St 
of lbr Nalmnal Board of Kin* lJinl.*rwnii*ix- rnlis ndaioia W in;;Mailr wirmir 
Vorious swlirhliitf urranefimniU rxnhUmxl and diap^imiHl. I’J^inJ 

K^tlutf Ihr Tlinxv and kVmr-way rlrrmu 

wirlMtf xyHtonw ami fhr rraMm for donm wi shown uid i-^plalni'd. I hi* 
thf nmlal jiarts <jf lani|> flxUirt** and fiir roasoo for Hm jomuo rtrurrilsxl and Jlli stral^. 
21W naafK 01 Ji KdlUon, ivvisud and colarntxl. IWI lilusiraHoiu». Flexible cloth 
..t.»l*w 
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ELECTRICIANS’ HANDY BOOK. By l*rof. T. O’Conor Sloanr. 

ThiK work H Inu^udul fur Uii* pnbclicaJ ujrctfleiaii who htuc to inakt* thinn go. Thd 
niliff Ikiki ot cli^trkcitv is covcnxl witbln iu> lament. Amunx Aomc of ibo sobjocls lifted 
Tho Tliu>ry of iwi Kkrtric <'um'nL hjuJ dn*ult. Klorirf^'liomlntry. I'rJmftry 
Hu(U'rtt>. si<»nu(o l<aiU‘hiw. <n‘iu*railua uiU l.*liUs»Lion of KlurtHr I'owcrx. Alu^r* 
jiMliiK Curri'nt. Aiiimiuro Wiodlnx. OyoAiiruN wid Mouirs. McKor (it’iirr«iora. 
niK'i;ulon of tho (Nviirwl i^uUuii .^wiicbliuards. AMPIUnn^. DJMtrIhuilon 

of KliH’rnr l.lxhi. utiil l*ower. StPi't MkinM. Traitsformrra. Art and lnrandrM*fjii 
Mxliiiiix. Kht'irJo MituKUn^iinniOk. I’hotornriry. KJictric HaUwayM. Tiilopbany. MU 
WlnoM» Kh'rinrd'lailotf. Kkictrtc lieskUnic- Wln^Uw 1Vk«raphy, v(U:. It (%>nUUis no 
nwli'Kt ibi^iry. ovcrylblna M to tbo It u«rhoH you just what you want to 

know uliont doctrlcliy. It b tho siaiitlttni work puldlnheO on the suhitvti Kurty- 
Hx djaiHifh. (UKloiixruvJnxn. * New r>tli K4liiio». Kt'vimxl uml KnlHruinJ Vrk'u (4.(M 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 
CONSTRUCTION. By Vn>{. T. O'CnNoii 8 m»amk. 

Tlib wnric treats of Iho inakirur at home of ekrliit'aJ toys, Hi'rtrloal apfwratUN. nmutri. 
(lynAiiMw and JiiAirunioiits In xeiu'ful. and k divlxintl to l»rtnu wtUiln the nmch m 

C riunx and edd the tiMinifoclnn' cd xenume and iiwdiit elnrlnnd upidlatic'iu The work 
4*K|)« elully doKlxnrd for anmUMiix and younx folks 
I'honMOJUb of <nir yoimx p4X>i’k* on* daily rxiHflmenMnK. and hnsMy enxasi'd In making 
(’l('rtneal uyyn ainl aptwratu^ of vanom. klnils. The |in^*nl work is just whal Is wanu 
ed to uive the much insxjul infoniiatum in a plain, practical itiaiiiier. with dlustralloni 
In make easy tlH^ entry iiik out of tin* work. : 2 lMt K 4 I 111011 i^Vi ixgo’H. I |k dluKtraliimH. 
iVieeJ . ... 11.50 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Nbwix^N 

Hakjiihdn. 

A Ihnmutfldy nrorfWIimttlM’CoyertnK thesulijnetnf KlertrirWIrJrixIn oil Ka liranchiw, 
JneludliiK expuiiiaUorts and dJocrains whk'h are ibnn>uxhly explkdlaiid tfnully smipllfy 
the xubj<*ci iVoetK'al. every‘day pn>lilein» in wliinx an^ firew^nUxJ anti I he inethtHl 
of ohtoJnlnx InU'llIxeiit nwuUs ehsirly shown. Duly nrllhiiHMk* U umxI Dlinrs law 
Is xiven u HimpU’ rxplanatlun with ndennHv u> wlrliic for dinirl and altornatiux 
euiTi'iiis. Thi' fumlarnontal pniinpin of drop of indviitaol In elnniiU Ik hhown with Im 
various applKUkUons The nmpk' eireua is deveInjMvl wilh the |H»slUnn nf mu Ins. 
fe(tiers lunl hnaiehm, their tri«tiaent os a port of a winnx phm and Iheir eiiipMy- 
merit In tiou^i wlrlnx clearly iilUKiraUti. Hunu' Klrnnle farl^ alsmt h'srinx nre inrhiditJ 
In roil riH't ion with the wirinx. Mnkllnx HlJ n uni nil work an*xlvnn raodnl an in kir ro¬ 
llon. and AW]trhlK«nis an* MystiMiJAlh*aJly tnautl. hnill np and jlJnKirai4tl. KhowInB 
Uie pnnxvM' they serve. fnfminieetHKi with (he clrcuds. eiml (o ‘<hunt and c'nuipiMina 
wound iiiaelilmti The Kimple pnoeiplm of swilehiKUinl euiiKtreied um. rli(‘ de^veloti- 
ment ed the swltrhhonrd. (he* ronnerliniM of tbo variuit> Instruments. Iiichiduix too 
lUehtiilnx ornnur. an* al««> pLainly Hi‘t feirth 

AlPTnutmu enmmt wirlnx N tnsitix]. witli exidonatiems of the power farleir, enu dd4oDa 
c^UJiiiK for vorhiiis hIxth nf win*, and a simple wav of iihtalnlnx tnr snuts for Musk‘•phoHO, 
two'phiw and Uins^phaM* clrrult^. This is lue only romiikio weirk issncsl showlrig 
And wilhw you what you should know about dlfe'Ct oml olurnatlnR rmreiit wlrinx It 
Is a n^y reference. The work m frex' from onvancxxl Ui'hnJeAlJlk's and mathemallcH, 
arithmetic hdiuc uwsl thmuxhiut. It b In every ns»)K«l a handy. woU-wrllten. 
lustructive. compn*baiHlvo volume on wlrlnx for tho wlremon. fonunan. contrertor. 
or olretrJclan. 3rd ctliUuu. mvbitl and eiilarffnl. 3I«'> luxes. 137 JlJusi rat ions 
Price . $8.60 

EXPERIMENTAL HIGH FREQUENCY APPARATUS — HOW TO MAKE 
AND USE IT. By Thiimak Stanuky Ci'ktih. 

This lK>ok U^lls you liow to Iniild sJmph^ high fmtueni*y rotls fur expi^rimuntal purposo 
In tlm 1 1 nine, scnool lalwratory. or on the small kviure platfejrm 1'he lMK»k ia really 
A supplerneni to the satne author's " IIIkIi Knspienry Apiuratus " The expenmi^ta] 
ddt* only is rovered in this vnlnmo. which Is lutondod for thotMi who want to hid Id 
small rolls glvitix up to nn dxlileen-iiK'h simrk. The IvKik nmtains valuahlo In¬ 
formation for tile piiyslca or ilio nu&uiuJ Lrulnlng luaclivr who Is em tin* lookout for 
inu*nwilnK pmjeru ror his I toys to heidd or e*x|ierlm('nt with. The apparatus li 
simple, ehfap and t»rrfix*tly safe, and with It snine tnilv start link exiKTlnients may l>o 
perrormod. Atnonx the ronC4*nls oru: Induethm Toll Oinhts Dparauvl m Battery 
Current. Kicking Coll AiiporTitus. (Int^-Half Klkmull Transformer Outfit. ParU 
and Materials, utc . utc. W pages. llluAtraiod. Price 60 cents * 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICITY SIMPLIFIED. Viy Prof. T. O'Conor Sixianr. 

Thr object of ** P^lrctridty RimpUnM" to to in«ke the RUhJeci m pUln m powilhle &nd 
to Hhnw what thn modem cono'pUon nf pJcctrMty to: to show how two pUiee ol 
dini’TiMit mi'toJ. \n vUl. ran eond a mtweaitr annifu) tho i 2 lnh«\ toexpUIn 

how a iHiTKllo of roftprr wire routed hy a cnKint* con h<' tbn a«nDt In Ikntltift 

our Mtn'fU in u*U what the volt, ohrii ami arnpeman*. and what high and low u^ndon 
mean, and to answer tho (luiwiiutis that pi^tetuaily artoo In Iho mind In this age of 
rlucirHty. 15lh Hovlxod KdJUoii. 2IH naipw. llhiHtmUxl. l^rlcu . . $1.60 

EVERYBODY'S ELECTRICAL HANDBOOK. Uy ICpward J. Volk. Practiral 
El(*ctnmn. 

Anymiv with llio aid of thin ItiNik mti do n1irirv>l anv of Mir RiunU HrrirlrHT julw alioiit 
Mir home. Eviryihhu: to wntlen In pbiii iHiuciMce. It U*][m how 1o Hiart. wJiai to 
UMO. und eviTy mow unlM UiIh work H nimiikNUHl. In nnwinriK oUrirlml dovMTS 
il lolls whm' 14> locnlv ihr imiiUlesoid how i4» n*|vUr it You will drid this Niuk dllTrr- 
ent frt>in any otlu^r IhmiK yrsi Imvo vviT nnid SlioukI Ih* In evtry home, Hi*roitd 
oditKii). i'oeket suu. yJCt iNufus. 7k lUiisirAtkHH. Price.tl.OO 

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL 
APPLICATION. Hy Thomas Stanley Curtih. , 

Tho moei oonipmhensivr and tlionniidi wort( on tlito Inuwiwt4n« subject ever produrod. 
The Itonk iR rieKinllHlIy prsuHinil m it« iniUiricnt and il ronslluiuw on acrnrale record 
of the nwrarrhrs of Ito aiUlHir uvi*r a iM'rifHl of M*v(v^d yeuTH. diirine whlrli time doumfl 
of rolls won' built and eip«Hinienied wiih. Tho wc»rk has hn*ri divided Inio six basic 
parts. The Omi Iwo rhapim u*ll ilir iinlniilatisl nwiUr wliat the htoh frenuenry 
riirronl k whni Jtto uw'il for, and how li to ririHlunil. Thi« w.v'ond Mr Mem. mm prising 
four chanters, In deiml ilm |iHiin|di*s of the transformer, condonscr, spars 

gup. nmf osrlilailon trurisfr»rnHT. and 4‘ovirs the main |K>into In the design and ron* 
el run Urn of Ihiw' dev ires as aiipliisl lo tlu' wixii in hand The third ntsUlon I'overa 
Ihr <'oiis1 run ion of kiiklII high insnemry otiHlis di'sigiuvl for cxiMTiniimla! work In the 
homo lalMiratory or ni tho rhivaroom 'riie fourth Metion k devoMtl to iks^lro- 
thcraiHnillc* and X*Uay atiuantiui TIu) fifth diwTHra aptiaralua for tho rulllvailon 
of plaeto and veffeUhlw. Tlio hIxMi Mrllon to drvuled Ui a coniprehenslve dlm^uwilon 
of apitiruMiR of largo sJxo for use U|sit» the «UMhi in R|>ecurnlar nrodurllonM The 
riming clmptiw. Kiving the rurreni i»nn« of lhii|iartii and materials miuired for the 
ctnisiruriion of tho ap|virafuR iliwcrJlAJ. to im'ludivl with a vjow to oxiKxIltJiig the 
purrhaM' of Iho oecMary giweto. T1 h« .s<*ron<l Kdlllmi Inrludw murli now matter 
along Mm line of liiwne>ni;u1o ilH^rapi'iilk* oulflta for phvslrlanit' use The matter on 
eteriro plant cultum hua aleu town ulutorratod upcRL Hm>nd I(evi»:»d and Enlarged 
Edllion pagee. Now soronil (xUMuu. Fully llluslraUd. Fiico . $8.00 


STANDARD ELECTRICAL DICTIONARY, liy T. O'CoNoa Sloanb. 

An IndlspenRahle work to all inl4:micd in rlnrt<rtca] edonce. fiiittablr alike for the 
student and prof^wsloneJ. A prai*iira] hand I took of ivferenee containing definition* 
of about .^.POd dtotinct wonto. terms aod phra.sc«i. Thn definitions ar<i turw and 
conrlwi and lucludu every term tuad in electrical eclence. Rfccntly tosued. Ad on* 
llrely new udluon. HhooM hr In tho poMwdon uf all who dndrr to kuep abrooMt with 
the prngr^ of this branch of sdetKw. tn its arraDgeimTit and ty|)ography the book 
is very convenient. The* word or i4Tm drfiui<i to printed In black*racea type whK^ 
readily catchcis thu oye. wbilo tho toidy of the i«ago to In stnaller but disMnrttype. Tbe 
definitions aru wi41 wonJi^d. aiKl m> a^ lo \*i understood by the non'technical reader. 
Thr genrntl plan seems lo be to give an exact, condae definition, and thoo amplify 
and explain In a iiion* popular way. Synonyms unt also given, anri rcfonmixM tu other 
wurdH and phnuuw are made. A vitv compU'to and accurate Index of fifty pages In 
at the end of tho voluim'. ood as this Index rontalna all synonyma. and as all phraseR 
are Indexed in evtiry reasonable <'omM nation of words, reference to the proper place 
in Mic Iwidy of rho book to madllv made Tt to dffflcnlt to decide how far a book of 
this ch»nu*tor to to keep the dictionary form, and to what extent it may lowume the 
eiicycloiiedia form. For wmn* purpoit*. eonclws. exacUy w'orded definitions are needed; 
f4H’otherpnnniKw. moreevicnded rtwrlpilonR liie nvputxvl This hook Reeks to satisfy 
both d<^nands. and cIcrw It with conMidemblo surxx'wi. C'ompleu*. cundse and con* 
voolwt. 7W pages. 497 il lust rations. Nuw Hevlsod and Enlarged Edition Price 

$6.00 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


HOW TO BECOME A SUCCESSFUL ELECTRICUW, Hy Prof. T. O^Conor 

Kv(*ry yrninK man whn wife's u> i>nrom(* a ^uerrMfu) plcrlricUn bbnnUI ivtui thl« hook, 
fl tt'lK in Himnlp lanKiiiun' ihv ami ('tu«it«rt way to iKnMm* a sm'CThftfiiJ I'loriHHan 
*riip stiKlii^ i4> iv followi^l. jiiHhcKl> nr »c>rk, of niMi^Uon ami ihv rvHiuirmnrnt. 
of Lhr Mucnwrnl rliriririan an* MuUtl out and fiilty nxplainud Kvi'vy .vnun^t vn- 
KhiH'r will find tldh uii nxcvlimit Hti'iiiMiia Htunr U) mun* HtlvancMU wnrkx on rlivtncUy 
whiHi In* must iuiikut iK'fnrr* KuPn*y^ nui ho altaimtl Many ytiiiiiR inrn iM’iHinio ((|m- 
ouMratnnl at iho vory utitfiiari Uy atloinpljnic to n'wl and kUmIv lin(iK>» that an* far 
iii'yiMdl iliHr rufii|>ri'honMk»n This lHM>k wnrvw ah ilto coimi'cifiiir link Ix^lwmi the 
niiljnu'iiK innislii in lin* iMihlii' ainl ihr md Hind> of rkvUini) II jh Jrin'r* 

rnnii I'nvir In t’OM'r mill Ki*>Imx 1 KdiUon. just Issmxl |nik<*m IUiis* 

(ratiHl IMn* .... 91JiO 

STORAGE BATTERIES SIMPLIFIED. Ur VicTDit W M S.A K. 

A (*nmpiolo tmatjHi* ni> storaitn haiury oporatlns iirlnriplos. it pa ins niirt appliniiinnu. 
'riio un'aily lnm*n4iiK nppU<*ailoTi of htorw liatUTn-s In iucmIith riiinmvnriK and 
int'aiiainriil work Uax onMUtl a doiiuuul for a lKM»k iluit Hill <‘i»n)«idor this 
inmiplaMly and om*Uisivo 1> This ih thr luosi ihopoiiiili and auliu>ri1:itiM* imdlsr 
*'• - •'iililihlunl'•'* llir ' uhjivl. U *•* > •••jdi'“ • ndaldo * • * ^•Unu•Hl 

hirimiiuto Ml tliai unvnm* niuv Kmspihi* luvni’ prim'iplo i»f sinrnitr liaMorv arii 
wi*li us ilioir pmilii.d indnstrUil amdiraiinrn All rliTini* (tasoliiir anltmiiOiiios 
iiM> siiimuo iia^irnoM. K\ory anioimihdr n*|Kiirriiari, iUmIi'C or Mdtwinan slionld havo a 
i;ooil kiiowlodyr of muiriloniUUT and nisui of tlnsf* imiHiriaiii i‘li*rm‘ii(s of iln* niolor 
rnr MiiThiiinsin Tins IkhiU not oiil> tolis lir»« icMdinrur. ran* f(*r and n*liiuid Morjuo 
iKit lorn's hilt .ilso end line's all (In* iiidusirial iisrs lu'am liitw iln*> rnn rars. 

loruirnolUrs ami fae’tairv inirks tied an nndiTdandinttuf ihrien|H>rtaiil fiinriioimtlii'y 
tK'rfonu In Hidunarim' Isniu. iMdulnl hithtind plants railway swjtvli diul sl^pml s>sioms. 

..Tin*'*“'*>k M'lIs hr-* **•••• ’•••si r*'rr’rsd l.jiiidhy 

iMTviev. for starling aiii4MMoidlr imilors and in itfidiion sysMins Kxvry prarliraf 
0l llir inmh'rn sUiradr Isdlef) is onihnesi in Hiia irraliM* imp's hidly dleis< 

tnilHl l*nr*c* .... $2.00 

WIRING A HOUSE, hy llKitBKicr Phatt. 

Nhows a lioiisc .iln'^nly liiiilt irlls how u> start uIhhiI wirJnk d . whrri' to U'sin. what 
win* (41 iisi», Jiow lo mil It aessirtIniK to juseiranri* ndrs In fart, jnsi tlir iiiforniiilMm 
>1111 nriHl |)invr]4iiis ap|dy esnndly l4» a sJiop We* liavr lusl iskuisI an vnlaritrd 
4'clilieiu of Uns iieHnihn* weirk. whiede h>v^ Iwsti liroemld Up UMlat4' 'Pin* ssom* tiTat- 
nu*id id the* Kidijisd whn’h is ehsitUKUisIn*^. hy slniphrii>. e•(nl1lmu'4l with 8i rorriTt 
>ns4*niaiion ol ihrsnhuTt. from tin’skindiwniii edreiin|dkM)i*e'with the' I nilrrwnior s 
'iKlr. iinel wliK'h rlmr.ie'ieTisexI llii' I'urheT islilieois rd llie* InmiU x .lellimsl u» Tlie< 
Winn*; as disrh is IkiwxI eni I hr twrnt.vdlvr watt tiiMKrti4*n niaim*Mi lamp, now as nnirh 
till’ siaiiilunl as Wiis iIn'oM sixr4s’n ra riel It 1*11 rl hoi IlkoiMsd hiii|r of forim’r ela>s Thr 
iiimjrrn luni^ste*!! lllaiiH'iil pis-fMleil of loday iuis riiam«*d Ihe* whiilr phuM* ed 
rlrrtne* winuu id tile* limtie'and f;M*ior>. and ihrs Isiok not eMil> le'llsol ilir wiriiiKfeiran 
iiist.eMaliiiii. hut nl«iRive>Minii* vi*r> ii|HeMliil4*snKKi'slHmsi»n llH>snli>irlsorM'ln*ilim 
(d i*liKimlie*rs aiiel tltfirn:s. lorritiiHi id lain|>s amj iui>a* Mwici’ts wilh inaen prartie'jl 
iuius for llir liK'ntieHi of l.mi|M ami ptui; MK'krts lo err I thr Iw^t reseed ta Se*\rnth e*di> 
tlou w'luch U«is bown udirrly ri'visod, and %e*ry ifTurii e'lilarKoel. JViex: 50 ceotn 


ELECTROPLATING 


THE MODERN ELECTROPLATER. Hy K'KNN^mi M. Co<n:^WH/^LL, 

Tills is emr of thr must i*omi>le«(o ami imvrilral Ixniks on rlortm|datirue and allied 
nror<««in*s liuit has lierri puhUsliod aa a U>xt f<»r Uio slndrot nr predesesuinal plater. 
It IS writirii in seeiudr laiieuain* ami e>s plains all del ails of e»ks*(TnplHirnir in a rune I v 
yrl roihpU’lo mruim*r It starts at tlH' Uxcinnina and Kivrs an e'h*mi^nt:iry (uitMne 
of I'loe*entity and rlHnriLstrv <is rrhitrs ii> phiijim, ilMtii r(nisie1e'i> &hiin laveml and 
rNioipmriii and itivew ail llu^ nis'e'ssary loformuiUm loelo rrliahlr and proltuhlr olertri)- 
pudinir in .t riiudtern romniofe’hd iiiikuin'r Pull in^irurtkoiu* am tfivrn for the' pmiwra- 
tion and ilid.xhlnR of the* work and fonnulao am) ronipMr dim*!ions nrv inHuded for 
rnakluu uU kirnls of platniiK snJuilons. many of iIhw* hxvhiu lM^*n frudr si«*mis unUI 
puhllslHyl III this liLst run ion manial Anyone muuiwtml In pnu’llrul jdatJnK and 
metal Mnishinjc will And iliis Imok a valuslilw guide and oompJuto mumtui of the art. 
C'JutU. U;i 1 thud rat ion H. 270 pugm IVire. tS.OO 
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ELECTRO-DEPOSrnOH OP METALS. By Du. (i>x>u<jK LAN<iUKiN und 
WiLtiAv T. Bkaknt. 

TUe ninth n>nt«*UHl ihIiImmi at thiH wi>rk ctmUtnix ov(*ryiIi1ns nnyoiu* wakIk Ui know 
Htwmt ttu) uiul UikisJUns of mouK mm\ ih jjiruticMlly an i'riry(‘lo]UHlia of tho 

mUiiKtry. U ix wnLloii in pJalu wIlIi x|H«'ial nT(Tc*tinr Ut (Iio tU'oils of ihu 

Iinu'llcikl |»lui<rr anil uictal IlniHlior. and kivis liniuJmU of hwunl forriniliiK for mjJu« 
Uuiix. many of wkurli lutvo JufHtofoni tn’t'O nmndi-nxl imcio mmA** Jl Is lUv lujotUT 
triMitiTtf* on ohvtTo-pl.iimK. Kulvanmu^:. in<*ua miormp. ku'iiiuTiuic anil Hkxnrotyphiu. 
ami ('ovi'rx ovory doluil of ilio pr'Mnil. ml^amnxl siaU« of tim art. in ilk oviT.vdiiy 
raiioioi. TUoinion'stornifM nsMU:rx will doul>ilo« ihiuut in tin* tmUn (Iimmoii of thu 
volume Ihe prartiml iKkrt. wUUli j^wnnla ihu induitlry in all ilA from ihu 

umnKenierit of olivinepluluuc ittlAlHlxIimerilM U»ueiua1 iiiethoclx UM'd in thcMU'|H»Mlkuii 
of various ineuLs It is Joti* Uiat the pUlor finds a tri'Sisnry of t>ra(*tuv Uiul ho may 
Inn I !<» ikim*t uei'ounl in lux iHiKinoNt* An a work of ri'fiTi'iuv il lx iinappnKirlnHi hy 
au> similar work m our boKnum* Tin* forionUs uloni* an* W(»rth many linii% iliu 
vuKi of (im iMMik to aiiyoiir liHi'n'sUxi in pbLliiK aJicI oilier rneUd llni«liinK im-ihath. 
803 iKkK^'s IH.* illosiratMMis I'niv. ... 97.00 

FUEL 


COMBUSTION OP COAL AND THE PREVENTION OF SltfOKE. By Wm. 
M. Uauu. 

This lHK»k has lMx*n |iri*|kanKl with sjMxHal ri*fiTi*nrt* U> Uie general Ion of heat l»y iho 
eotnbusiion of Uir nniknioii Iih'K fmmii in Mu* rniiod Huii4*s. and denK tmruonJurJy 
wiili iiiec*onUltlnris m‘t*«'ss«ir> to ih«*(‘<'ononm’aiidMiii>keli'HM*ojnhuj(iion of bllumlnuiifi 
rt»fils in Stullonury and lAHinnoUve .Ht4*arn llo]|i*ix 

Tlw pn'senlnium of this iiniHirturit mihnrt is systa>inatk' and iiroun*»«ivt*. The ar* 
rnniceiiunit of iln* IkhiK is in a situ’s of prw'Mcal qui'siions to whhdi an* nptN'iideil 
wruntie answitrs. winrh dwrilw in Uni:iia»n\ fnx* from Us’hnkiilnh**. ihe M^veral 
priMX'sseN Involviil in the funijuv isnohusttoii of Amerlean finds ii eleiuly slab's the 
(‘xsimiial ns|ulsU4*x for iXTfeei nnnIiiiKlion. ^uid iHdnisoiit the IickI inetlnMjs lor fiinian> 
eiirucriif'Moi) for ohudinna the Kn*auwi MuaiiUly of hi*at from any tdveri rpiahrv of 
coal Mil Kdiiiun. Nearly HM) |»a4(i's, fully llluslrauvl. Tiut 91 .AO 


GAS AND Oa ENGINES 


THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 
AND USES. Hy Xknu W. Pitnau. 

This IS .1 pr.u'iieal ln*aMse on lln* f ia*<ohne and KfroM'Tie KriKlne luieinlixl for the man 
who wanis to know' iiisi how lo manage his engine and Jiow ui apply It lo all kinds uf 
farm work to the U*st aiKantaue 

This Iniok utHMinds with liints ami liel]M for (hi* farm and hUtfki*slIons for the homo 
and hou*«ewife. There Is su mih*h of value In llibi In Nik (hai it U iiii|>ussil>le Ui ado 
fpjuudy d(*s(TllM* iL III such small Hiare Sumn* to sav that it is the kind of a biok 
every farmer will apiinriaie aud eviry farm home onaht to have Inrliules nelHiImt 
the must smuhie c*iu:ine for farm woi^. Ita iiiuxt rmivemeni and ellUdein inxtdllailun. 
with eliapteiN on trunblc's. thi*ir nnni'dh'N. and how to avoid them The ean* and 
nianiutoMien t of th«* furm fr«if*iur In pJuwImt. harm wing, harvcwtirur and niiut Kra^Utia 
are fully covori'd. al^i tdam diri'ctlous arv* givi*n fur haiMUmg the trartor on the roail 
spivlul atPMiiiuTi is aivim to rolieviiia farm bfe of Its dnidaery hy applying i>ower to 
the <liHaer<y*ahle xniall taskx which must oiherwlM* Im^ dune hy hand Many homo- 
tnadc cotitrivancew for cirUmg wood. HiipplyloK kitchen, ganlen and liani with watiT. 
loadlntf. hauling and unloading bay. dellveritut gniiii to the bhib or the fml truvigh 
are lneLudi«d. airvi full din*ctloas for maldog the i*nglni* milk thu <x»ws. rhum, wash. 

swivpthe houNo and clean the windows, rto. Vixy fully Ulu.N(rul4*d wlih drawinics of 
wurklrur paru and cuU showing Ktailonanr. Purublo and Troruir Engliusi doing all 
kiiidK of farm work. Alt mon^-rnaklng famu utlllxn powi*r. f/*am huw U> iitlllxe 
pi>WHr by niuilng thn pagiw of ifdx lionk. II m an aid the nwiilt geiUT. Invaluahlo 
to the uMo-daM' farmer, sindent, hbclamilth. Implnmeiit dealer ami. In fan. all who 
ran apjily nnu^ktd kriowhviei* of RtaMonary gavillm! englni*h or gax irartum to advan¬ 
tage. 53Upages. Nearly IHU viigravIngN. Hrkv.98.00 
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GASOLINE ENGINES: THEIR OPERATION, USE AND CARE. Dy A. Utatt 
VERI iltL. 

Thi* filmplest. latest and most comproberwivc popular work pubitehod on OaMUno 
RnKinm, vhai Uiv <(aw»Mm* Kiudnr Ih. Iik nuwtnArUon aiid operation; how 

to JiuiaU It: bow ui MuUri ll. bow u* uw* it unci bow uj n*m*^y Uxiublcs encountered. 
InUtiidwJ for uwiutr. Op<*raton» and 1 <wtm of Motors of all kinds. ThU 

work fuUy 4UwilM*K aiHl lUuNtrauw Uit* vaHoua lyiM^ of lioMoUne Etuebnw used In 
Motor Hoaw. Motor Vohlrliw and Stationary Work. Tbct i»ariH. accisiuorleK and 
appJIunois aiT dwrrllHKj. with cbaiitrrfl on lirnlllon, fuel luhrlcatlou. oi>oraUon and 
oRRliMt troubtew. KiKrlal atioiiUon liialv<4i to tbi* can^ osioration and P*pulrof niotom, 
with useful hints and siufln«tH>nH on emisvrncy n^palrs and maki'sblfu A coinpU^to 
fdcjKMary of t^rhiikail Utiiis and an al)>halM*ilnUb’ arraiiKi'd Uihlr of iroubkw and thiir 
aymplorrui Piriii most vahiabh* and iinUrui' fr’atim*s <»f Ibbi manual. Ni*Siriy every 
llliiHirHlIon In llu' honk U orlKinal, havinic Ixvn made by ibr aulitor. Evcty luucr li 
^UI of Inu^roHi and value A iwk whlrh yim eunnut afford Ui without paK«» 

152 Hpuctally made ongnvItbP* i'rUv .Ad .00 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE¬ 
POWER GAS ENGINE. By Fakmki.l ami W»jkp 

A practJral tri*utlM* of :tfHl pafce^ ihNrrihhut the theory and iirinelpleN of the aetlon of 
Uas t'InffInoR of various t>|Ms< and the diwiKO and consinuaiuri of u huir*hor««*power 
Gan KuKltn*. wUh lllnstrationiiof ihi* work In arttuU iirmcress. lojoalo'r wiih ihv diinen- 
nlOiiHl wurkinit draw ings. idvhiK eleur]> IbeaizeM of lie* vanoiisdnallK, for Ihi'student, 
the arlriiilfle liivisducaior. uihI iIm* uriiuUnir miTlianb* TIuh Uaik InidAuf the sijbji<rt 
mon* froiri i heMiandiMiiiiLof pruriler tiian thai of tbiHiry The pHiieliihsi i>ri>|M)rutliin 
of fiM KintiMi's aiv clrurly uiul simply dt'M'rtUsi, and iht ii (lie ru'itial eotMiructUm uta 
balMiom^'iHiwiT eindne Im lAken up. sM'Ji I>) step. sliowliiK In detail ihe iiiiikimc of the 
OaM KmcbH*. >kl k^lliloii. :iiHi rr(n-. tS.OO 

HOW TO RUN AND INSTALL GASOLINE ENGINES. By C Vwn Culin. 

Unvlwl and enhinn'd iKlltlon just bwni'il The objirt of UiIk lltUe Ixaik IfltofumUh 
a poi'kot liiHtrurior for iho Ih^iIiuky. the busy tnati who usew an ensliie for oloaauru or 
profit, but who doi«< not have the Uino or Inrlirmtltui f<»r a l<rhni<*ul IsKkk. Imii «rtmp|y 
to tb(»miwbly undtTxfuort how to imiiHTly oiMTaie. iukIaII and ran* for his own rmcfrio. 
The liutnx ri^erx Ut each (miiNe, n'inHl>. and sublect alphalwaleally lU'Ina a nulck 
refun'iire Ui linci iliv chum*, rvrnuly and |in*veiiikin for Iruubhw. and lo bmmw an 
expert with lib owu uu»;lnv. Pocket him. iVajHT binding. Pneu 86 cenli 


GEARING AND CAMS 


CHANGE GEAR DEVICES. Hy Om au K. rEiiuioo. 

A practleal iHinb for evc^ diwlffni'r. draftsman, oml mrchanir Interested in the Invm- 
lion and development of llu* Uevlci*K for PhhI rhuC^is. on (be dllfercmt inarhim*!* rotiuir' 
hut Hiiob niirhttitNm. All the m^^tsarv liifi>riuatlou on Ihn HubpH*t Is taken up, 
analyr.isi elasslihsi siftisl. and runnmirausl for the iiw* of busy mim who have not tho 
time to tfo ihrmiKh Hte nia*M'5 of irrek'vaiit inaiU’T with whirli surh a subjnrt Is uvu> 
ally eiiciimbenvt and lielect/mch Information as wUl be uac^ful to Ibc'rii. 

It Ethows luHt what box h(«vn done. How It has laxia dimo, wluni it was (hme. and who 
did It It Moves tlnio hi hunting up patmit nsHirda and n»>lnv(>ntlng old kieus :(rd 
Edition Ibl pagw. $1.60 

CAMS, LAYOUT AND DRAFTING. By Louis Rothl^on. 

A prartlal work oo vaHoum forma of cama and thnlr design including uWul Muggea- 
tlons for laying out and draftlug typlral fomvi VnnU'um I. Uiylng t>ut Cums. 2. 
Drafting Pam Curve, 3 Riiul Slia|>o Com 4 Piwluvo Motkm Cam r» Irrucndar 
Motl<m Cam « Tw and Lift C’ani 7. Double Conlatt Cam K Cylkidrieal Cam. 
(I Cain Hell Hhlfl4*r HI Oom Engine ('onui. II Cam for Muahruum FoHowii' 12. 
Non-nuHTMlhle Cania 13 Revendbk* ('am. 14 Varlobk* Motion lA llanrHinlc 
Motion Id Motion I>lagrMru 17 KUi Krri|»roniilDg t'uni In. Hlerve ('am IP. 
P4(w ami Drum t'anu. W. tHivIce fur ('am Drafting. KovJiaxJ and Enlarg^'d Rditloii. 
Piper cover Price .76 MbU 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


HYDRAULICS 


HYDRAULIC ENGINEERING. By GAitONCit D. Hisrox. 

A ireailm on i>hp pmprrtlo«t. power, and re^um'K of waUw fur all purpowm Tnriudioi 
tbo inrMurcmrnt uf Mtruams. tho flow of waut In pl|WN or corululu. bununpower 
uf falUo^ waU*r. turbine and itnjaci. wat«r-whonltf. wave nmturK. ciujinfumU. recipi^ 
CAiloK and air«Uft» piunpM. With :i00 fbeuns ami diagrams atiU 'Mi jiruMlcal tabliw 
All who arc ln(emit4H] in waur-aiwkfi dovulupmunt will find ibln Iwok a uw>ful one, 
bfrauHe H Is an ontircly prorclcal tn^Uso upon a subjevt uf ifnacnt niuKtrtaTKx^. and 
ruuput fail In bavlrw a far-rracbiup Induuiice, and fur tiiJii ruawm Khunlu liuvu a iilnce 
In Uu' worklna library of eviTy Aruojis tlio Hubjif'ie treatod an* Historlral 

fiydnpi]lr«. IbsitierLlM of Water. Muaeiin'inoiit uf tho Klow of Htreanw, Flow- 
Intf WaPr Hiifan* Ortflem and NuaaU^. Flow of >VBU*r In Hlphon^ of Varluufl 

Kinds Dams and ilnut suiraio* Ri^ttWvoIrK. Olty and Town WaUT Snpnly. Wolh 
and Thi'lf Air Ufl Mi'thod'' or Ualsina Water. ArUslun Wells, 

IrriicalJon of Arid Dimrk'M. Wap*r ]H>w«ir. Water^Whis^M. J*nni]M and Humplnfc 
MarliluiTy. Iti'elpoa'uihiK Fuiiiim. IlydraulK* I'ower ’rranKriilssum. Hydraulic 
MiniiiK, f'anui^, ('onfluim ami Pipe LJneM. MarJnu JlydrauUrs, Tidal and 

6ua Wave J^ower. etc. ;12U luupw. Price.. . t4.60 


ICE AND REFRIGERATION 


POCKETBOOK OF. REFRIGERATION AND ICE MAKING. By A. J. 

W’Au-iii-TAyum. 

IMjIh it one of tlte Uuwt and moal eompreheniive refiivnee l>nokii puhlUhed on the 
iinliioet of n^fnM'ratluii and mid Miorairr It eijilaliu Uie proixTLitw and n^rnavratlng 
olfiK't of the dlflmiit fluids In tin* ;nana|n*tm*ni uf ndHai'mliug niaiiilnery eud Ihu 
i'onHiruetJun awl inmlaiiuM ufroUl ruums willi Uusr nsiuinsJ pUH' Nurfuiv fur Ullterent 
degmst nf mid. frcmliku iiiiaiurHi and noo-freeziiiK irnuM*r;Unris< of i*nl<l niomfl 

for all kindA i>f pmvlKlonx. nilfl eWnnev cImrKeN for all vlaws'b uf kooUm. mv making 
and idoraae <if jivt. data and incimiramJA foreonstant rufuruiav h> n*friKunilinu nmivi'rH 
with nearly one Uundrwi tiilde< 4Hmta*runi( vaiuabk; ri^fureim^ t4i evory twl and con- 
(ilium ns|mr«d in the in^^Uilliwmi and optYaium of ii refrlaifailnjc plunt New 
udilidu jU2»t pnblh4H*il. l^lii jampw. 4t iUuKtraliuiw. \*Thv . . . . 18.00 


INVENTIONS—PATENTS 


INVENTORS' MANUAL, HOW TO MAKE A PATENT PAY. 

TIjS h a iKwik di'slgiu'd ok a Kuldt* u> Invtailors In perft^ing liielr InTentloDs. taking 
out lh<ir iHiieniK and dNiKjelng uf them. H w not In any M*use a Falent Hollcltor'i 
i irrulur nur a PaUiit Hrukcr's Adverttaument. No ailvrrtleeincntN nf any di'scriptlon 
apM«*ar In iho work. It lx a liook containing a quarter of a eentury 's cattcnuncu of a 
»uc'ct«Mfu' invuotor. together with nuU» baaed upon the oxpoiiuuce of many other 
luveutura. 

Ainonn t,hr huhjecta treatod In thlx work arc' How to Invent. How to Bccnre a 
Good Pat<mt Value of Guod Invention. Uuw to Exhibit an Invimduu. How to 
lutervst <*apllal. flow to Bi«Uiu»u: the Value of a Pat<mt. Value uf l>e"1t;n Patmti. 
Value of Porrint Palonuc, Value uf Small Inventhins Ad vim un Hellhtg PaUtnta. 
Advice on ihi* ^irmatlnu uf .Stork Oompankw. Ad vim on ihr Formation of Limited 
Llaidllty OumioiileK Advice on Dlspiadns of Old l*atonls Advice lua to Patent 
Attoniuya Aflvlr** as to SelUiitf .AKuntAi Konun of Awdgittnonts LIceriHo and Con* 
trwcu. State Lawn Concemlng i'atent Rights. |U2d Census of tbti liMited States by 
('ouniM of Over lO.iKKi i'upiilauou. TlilrO revlHjd uJIUun. Uls pagiw. lllustraled. 
Price.$1.60 

$ 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

KNOTS 


KNOTS, SPLICES AND ROPE WORK. By A. Htatt VEnwix. 

Thu In a Ixmk tfIvliiK cumpU;t<i and xiriipip dircctloas for inaklrut all tbe tnm^ 

u*t4*riil and oruanuiital kmils in nmiinon uv. with cbajilcn on HplicIriK, PointIuR. 
MzIiir. <*lc This 1kk>I< is ftiUy illaslnktud with one biiudml and hfty 

urlRliiui criRnivIrikT*. which show how each knot, tic^ or <itUcc b fornH'd, and Us appear* 
unci* whoij riiiNiisJ TIu* iKiuk will lit* found of Chu Rn*ap'Nt value to ('atiHM'oi, Vuchi*!- 
imrn. Travrlerx, Hoy Hcuul>. In fai*t. (o anyone having ixxwou to Um* or iMuclIe supu 
or kriou for any jiuhmim*. Tbo tMHik U ihumuKhly rt'Ualdc and ifrarllral, and ii> not 
only u Rule It*. Iiut ii leachor It Is the suudani work on the HUbJiTt A i norm tho 
roiiU*fi(s an" 1. ('orduRi*. Kind*; of ltu|K*. ('orwurtltMi of Hoih*. ParUe of Uopo 
("aliU* and iioK Ko)Mt. Htn*nRi.h of !to]>e. Wi^htht of Ko)io 2 hMiipli* Knou and 
Ih ndv Terms Vstti In lluiidliim Uuiht ^lel/lnR Ho|h* U. TJis and llUt ht*.*!. 4. 
Nooho, Lor>|is and MiKuinR KuoPt. f» shorPndikRs. (•miiuma*« and Halvagcs. d. 
l.iishmR». SeiAoiRs and 7 Pane> KnoU .nid lU>ia* Wuih. ThirtI n*vise(i 

wUUuu. Id4 paRi^. i&l oriRiuui engra>inR'< IYhd .Sl.OD 


LATHE WORK 


LATHE DESIGN. CONSTRUCTION, AND OPERATION, WITH PRACTICAL 
EXAMPLES OF LATHE WORK. By Ok ak K. I'KitKiuo. 

A now n*vis4Hi Hlluoti. and Liu* only ooiiipleU* American work on rhe ^nhjoct. wrUton 
Uy a man uho knows notonJy how work cmikNI' U> In* done, boi who iiIm; knows how 
to do lU mid how to <*011 vey lln> knnwUsiRo Ui uilnts It h sineUy un-UMlaUi in us 
tleM'maloiiN and IliiLHimuoiiH IsiIUh Ui>p»rv and ihc relnUoiiK of ihi^ Wlie lo inarm* 
fHeiuntiR at>* Riven, also a dt*9rrdHMin im> various devlreN for fenslN and tbu*rul 
euuliiR tiHvlianisntN from <*arly <*lturts in Uiis din*riioD Ui (he ptx'M*nt Unie Udhu 
diwisn U l|ioniuRld> tliM'uaM>d IncUidiuR luu*k R»*annR. drivnm »»imn, ihr<*;uJ-rnuinR 
Ki«r>. a ml all Llie eir«en(la] elenionpt of the modem latlic. Th» elasslllratkm t>f lathes 
in Uikon up. RivlriR the ttwi*ntial tUfft'muo'' of tiu* w^veral (riM**4 ol laiheK liieJuduiR. 
as IK uHiiallv uiidersUNMi. enRim* lailitv Umi'ti latiuw, K|us*d lailu's. forpe laiheK. Rup 
luUiuK. pulley kuhi^. funnniR lathr^. TnuUi|de*spin<lle hiUi(*\ raidd^rtslnctior lathes, 
pn vision lailKv rum*L btlics. si»erial lutheu eks'tncjdl^Hlnvt'r laiht's cic In add I 
tion to lire tHxnplele eviNHiMon on conKtrutUum and desiRii much practical malU7 on 
lutlh* lUNUIlailtm. I'are anil niN'raUtm has Uvn liiisiriionusi in the enlannsl inifi hU* 
tlon All kinds of lathe aliachnionts for dnlUuR. nulllne. vW. dt‘srriU*d and 
oumiHim* lnMtrncttor)vHroRivi*n iti eiialde the noviru niaebnilst lo urasp the uri of latbn 
o|NTatHMi as well ns ihi' pnnripUw mvolTnl m diKiRn. A numivr i>f dlflkmlt ma4*lim1nR 
up^uiouv an* di*s(*n1usl nl leiiRtli ami Ihustratwl. Thu new edition has nearly .SPO 
l>agiw and dr^U ill uxtrat Ions l*ricu.$8*00 

LATHE WORK FOR BEGINNERS. By R/.^sit)NP Francis Yatks. 

A simple, siraiRlitforwanl irxi-lvioirfor thoNc di^iririR (<0 h*am the oiHTAlioti of a 
w<sMl*UirinnR or meial'iunnoR bUlH* TIh* Ilrst eUapier tells how m cIumm^ a Ullio 
and all i»f the siHindard 1 yin's on tlieioarkelan* dcsiTiU'd Simple and inori*udv:im'i*d 
killh* work IS ihomuRhIy csivensl and the oiNYaliiHi <»f :i1l lallii* aliaehniejitx such as 
millers, Rniiders, imlKlicrs. et4*. is dcsenliod The Inulmeiil slarU fhim (lie very 
IhSUhii and lesnls tiu* n'Utier thronsh lo a fiolnt when* lie will In* ahU* to ha mite thu 
larxi’T eorniTHTiial ni«'U'luni*s wUh vify lllile Insimeinm The hiM. ehujiler of thu 
iNNik Is dt* voted to UiniRS to nuikc on (lui lathe and includes a rorNlul raj mi‘An* naval 
Run This IS tIu) only iKiok piihlisliod in I Ins I'ountry that tnsau laUiu work fron) 
Vhe sUndpomi of the auialuor nKvhaiiic. Iik2 ihnstratknw. AInhiI 25P iKutes 
IViiv .<8.00 


TURNING AND BORING TAPERS. By Frkd H. Colvin. 

Thm* art* two ways to turn tam*rs. the rlRhl way arul one other. This trcmliNO haa 
Ui do wUh the nslit way. it ti*lls you how Lo start the work proiuTly, how u> tba 
lathe, what hNiU to um* and how U> use tlu'iu. and forty and one other little thlntn 
that you ybouUl know. Flflli udiilou. ITlco ......... 86 cooti 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


LIQUID AIR 


LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. 0’CoNon8i.OANE. 

TblR b«K>k Kivtsf Uii* bNU>ry uf th<* cJioory. dl'vtivcvy. aiHl miuiufactiiro of Liquid Air, 
ftnd riMiUuKN an llliHtrauO dcM'npUun uf uU Uu* ntiMTlmentN ihal havo <*xdlnii tha 
woud^'r uf kuiliniirt« alJ owr thn cuuncry U Uii>wk hnw Uqukl air. likn watiT, Ih 
c^rrinS liundmh uf niiU-< and b* Mandlucl In o|>eti buckuU. It IcIIk wluil may 1m* ox- 
fnirii It In Ihit lu^ rutun^ 

A hiMik ilKvt n'lulora shnpit* i>ito c>f thi' inuKi ]mti>IoxIiik chondral i>ml>loinH of iliv' 
cunlnry. Ml^krllhiK nhiKtraUNl hv ai'Uial uxiMTliniMiu 

ft In nut only a work uf iK'mneirtr lni<'(t*s( and anlln^ty. hut U iini'iidivl fur tbo »rt*tiora1 
roAflor, bdiiK writlon In a ponnbr t<tyk*—oil’dly iuMli*ncUMKl l>y ovoryuim. 'I'hird 
4Xlltiott4 KuviMKl and Eulargod. pa^ua. Now Kditluu. Tricu . . . tS.OO 


LOCOMOTIVE ENGINEERING 


AIR-BRAKE CATECHISM. By Bokkkt H. Blai-kall. 

Thu* iKHik is A <tAii(lun] U’Xt'Iiook II nfvors iho tWwtliv/UouNC Alr-Rrokc Kmilpment, 
InoludniK tlio No f»aiul 11 h* No h K. T lAK’tumnlvi* Hrako KQiiipnimil, llio 1\ (Quirk 
Horvirr) Tniik* Vulvo for Kri'itfbt >krvav .uid ihr <?nMs^!omiKHiiid rimiu Tho 
oiM*nitU>n all paru of tho apiuiraiu^ h A’voirnmti in drUill, unci a pnuulc’ul way of 
fliicllm; iiu*1r |HM*nUariiioi* and clrfi'otM, miUi a imnMT nniaxly. is aivrn. It (hiuuIuh 
:^,(KKI iiiMsi.lons wUti Ihiir :iiiHWi*rs. wliw'li will rnaldr any radniad ntan to pa^^ any 
<*iiandnaiion on I In* Moliyvl td Air Hrakiv KihIotmhI and iihinI liy alr-brako In^trnr- 
l4)rHa,hl rtniiimoo on invirls v\’vr\ rtnlnud in tlio rniOHl miaU'm Nrw itlihon TIO 
INMfiw, Ailly lUasiruU'd with culun«t aiul diagmiUH IMru.94.00 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By W«, 

M. Baku. 

TIiIm iMKik has liri'n firrivirod with kim’cLiI rrfm’tirr (4> Ihi* nonoraCion of Iw’at hv tho 
('umhUNilun of Uin rtmniioii Tnvls fouml in tlic: LmUtl Kuios and ditaU parlk'ulurly 
witli tlir I’unditloiiN nrri>T«ary lo thriN-otninm* and MiHikrlo’^toinlmsMuii of iMtunnnoiH 
coal In Stntlullar^ and laMHnnutivi* .Si rain Uoik tw. 

tS^M»*niailon uf 1hr< imiMirUint »n1>jivl K syntonviili* ami pnMsnMHivu Tin* ar- 
ranzt'ini’ot of tho iMH^k U lu .1 N«Tii'> uY Qm'HtloiiK lo which an' apiN'iidcd 

AirumU* uii’tvcrw. whivli dof^’rllM* in Urizinurc friM* from UvliiiiralilJoN the Nrvrnii 
prcMVhVi’s lnvolV4>(l in ihc fnrnaiv I’oinliiiNtnM) of Arnerk an furK, m rk’ari.s Ninti^ ihu 
cvsriitlal nH|uisiU*> for iM^rfeiU I'oinhu^l lon. niul |mmmi« mu the U!*«t incl hoilN of fiirnarn 
COhbtnirUun for ohUilrdnu Urn K^'•d4'^t HUaiUiiy uf lii'ai from any isiveu cpiaJity uf 
cual. Nrally .trjU yi^Ub. fully iUubtraiixl l*ncc.91«50 

DIARY OF A ROUND-HOUSE FOREMAN. By T. R. Rrillt. 

Tills M 1 hr ctiTaU'Mt book of milrood rx|H>rIrrH’i'M rv4«r pohlishitl. ItunUtiiifim a fiiiwl of 
liiforinulion .iml Nuinsi'bLltins aUnm iIh* line of liaiuJIliiK men. uTKanixinft. vU ‘. that unu 
raunut afftml iu nikn. IStt I'rku.91.96 

LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Klbinhanh. 

The 1*01 isiruction uf UnUfs In inmrnil U ln'Ai4«d. and. folloMduK thin, thi^ loroinodvo 
iMiUur H taken up in (lic« ordiT In wlUcb lUi varuni^^ i^iarU un thruoRli I hr Mhup .S|iowi 
all lyiHi; of InlkTA ii'H'd. Rlvis drl.iih of ron^tniction. imirLlcal facts, such as life of 
rivrUTiK. rDnehrs and Oh's*, work dour per day, aliuwanrr fur ImmuIIiir and nanzinR 
ribruis. ami uthrr data Inrhulhiu ihr t\w»x. LuruniDtlvc Uolh’t liis|H<cUon Lawa 
• and KxaiiJlnaiiou Qmwtioiis with ibiSr aiLswrrs for Uoyrronient insperlun ('onUrns 
rhapuvN on f^.vlnif Out Work. Vlaiunns and KonrfnR, Hunrhiiig. HhoarliiR, Plato 
PUmutf. (•eiufal Tahitvi. KiDlflhlnu I Air Us, Ihoidinz. M.'udiJm^y Ports, kivollnR, 
nmiiY IhiUtls, SmiAto Box Ih'Uiiia, A’W^mldlng and Oolklnjc, BoUcr Nbop 
Machinery, ctr.. etc, 

Then* Uni a man who has anythlnz U>do with boIkT work, rithor new or repair work, 
who diNwn’i nm) this liouk The mannfuiUupcr, auiHsinb'ndimt, forrman, und iKillur 
wofkrr - all nuitj It. No maiU’-r what the tyiH» of botlor, you'll And a nilut of infurina- 
tion that .von wouldn't be without. 4.S1 iakm, 331 jUustRiituiH, 11 vu iurve foldimt 
pUua. ITlco. .98.60 
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LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. Hv Gko. L. 
Fowl£r. Iteviwd by Wm. W. Wuoo» Air*Bmke Itutructor. Ju^t iasued. 
Reviaed pocket edition. 

It l» oiU of th(t (|uc«tlon to try ftnet toll you aluui ovory suitjcoi that U rovorod Isi tbti 
po<*kot odUJon of Lucomoilvo Rniakdowtas Just Jma4<liio &U Uio comiooi) truohj(*a 
that on onsln'HV may export io happen soiriv Umo. oiul ihi'u uld all uf the um*xpucu«d 
0Qi«, truutilw that ouula mxur. hut thiii yiHi have nt*y(T Uiouaht about, and you will 
find that U117 are all irmUxJ wilh the vm lHs.t iiioUkkIk of n«pair WaJmdAurt 
Loeomuilvu Volvo Ooor Troubles. Kltetrir IfeailUKht Truuhlns. os well os Qiiootluni 
and Answers on the Air Drake on^ all bK:ludod. iaM;ca. Sth RuvKsJ Edition. 
Fully UlUHiraUxl. $ 1.50 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING 
By UeOKllE BKAl>MltAW. 

ThH l»ouk h a b^suvuvheort talk with Railroad Km^duyn's. di'iUing wiih fariH. not 
thisslHN. and showhiK the men In thi' ranks, fnmt overy-day I'XiMwmv. how arrUJents 
orcur and bow they may bi* avoided. The Imok to UluoiniUtl with Mtvcnly oriamal 
phuUiwrapliM and drawings bhowlns thi' »af<* and iinsule nii*thndx of work. No vtolon* 
ary Huheimw. no ld(^al pictun's. .luxt oloin foi'U and I'ruelirol suotfi^KtinuH on* at veil. 
Kvm* niilruod eniployne who n*iuto llie toiok is a Ih'IUit niid v:if<T man to have in 
rallrvMul xervlm. 1L kIvcw Just the Infurmaiion which will Ih’ Un* nii'ans of tmwimilng 
many InJurlcM and deathH. AU mllroaO Mlionld proeuru a mpy, n*ud It. 

and do your ikort Id pruvuntiiiK accJdisiU. 109 lia^iw Fuckei smy Fully (lliisi raU'ti 
I'iico. . 50 cenii 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 
LOCOMOTIVES. By Wif W Wih»i>. 

If yon woutrl tliorouirhiy understand ihe Wutorltacrt Valve Goar you should jhimoss a 
copy ot this iMHik. M the aulhc»r Udnw the pbuni>st form of a spniui isulne -hi stationary 
enipne In the rouah. that wUl only turn I(a crank in uncdimritou -and from it Imllaii 
m> —with tlio rixidur's bclji—a modtni locomotive ivpilmMxl with tU<* Walxchnert 
Volvo Gear, compleio. The points dutcusmxl in* cUorly diuxtraUxl. two laim* fuldlna 
plauw that kUow Uia poslUonK of the volvi^s of Isjth inside or outside mlinlshjon tyiH*. os 
well as tho links and oUii*r iiaru of the Ki'or wlnm the crank is at nine dirTensu iMiints 
In lu rovidullon. an^iwpiwtally valuable In iiiakmK tbu movement clear Tlnwe employ 
■Jldlna i*aAli)oa^ nM)d<*to which am contAlnixJ In a isK'kvt in thi* cover 
The Imok to dlvkhxl Inio five acniTol dl>ixions. a« follows 1 Arialvxto of the Kcar. 
2. UHHlKnlntf and one tins tlic ict*ar. AdvanUusm uf the in^or. 1 . OmwtluiH and 
answers mlatinK to the Wotocluu'rt VnlviaGtur ft S(*ri.lnk* vuivcw with tlie Wal- 
■rhaiTt Valve fostr. the thrvs’ primary lyiKw c»r lomirKitlve v.'ilvr motUin, modi*ni 
radial valve msftfs otbtT than the WatochOJTl; the lloWl AlPfm* Valve and Valve 
(Jiwr. wUb umwilnns and answerK on iH^ukdowiis, (he (lakcr'I'lllicMl Valve Gutr. the 
Improved Doker-lllllnd Valve Gear, with umsiLlunM hhI atiKworn on bmaWdewiix 
*J*be uuieUons with full answers Kiven will Im* twiMicially valuable to Oremmi and rmal* 
niHirs In invimrlntf for an cxanutiatJgn for pnmiodon. 210 uai^ex. Fully lllnsintUsl. 
TJilrtl KcvlocHj New hklUlon. frlct* .$8.50 

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By 
Wm. W. Wikid, Air-Brake Inntrtictor. * 

Here to a book fur the railroad man. and the man who alms (o lie one. It to wllbout 
doubt the only complete work publtobod on the Wiwthathoum E-T Ixasmiotlve Brake 
KnulprptfK. WrltPm by on Atr*Hruko Insiriictur who knf>a:{ Just what to uivsh>d It 
covem tbe luhJtxA thornuxbly. Kvi^rythlDk almnt tbe Now W'lKlInKhouw' Ktndno and 
TeQd<v Brake Kqulpuusit. locludlnk the Kiondord Nu. ft and the Ferfus'ini No. 6 
stylo uf brake, is traaiud in detail. Written In phdn ICnklJsb and profusely IlliistraUtd 
with ('olorcsl FUUm. which Ntahlc one to trace iln» flow of pnsMurus threuahinit the 
onUfo equipment. The brat botik ever publlsbixl the Air Brake. Eciually soul fur 
the Iwwlnner and Iho odvonoid istsliitsT. WU! lutss anyone (hmuali any examination 
11 Informs and uoUghtens you on every pobtt. Indtopnosobk: to every euaSneiiian and 
tralamaQ. 

Ooutains examination questions and onswiTs on the K-T equipment. CoverlDg what 
the E‘T Broke to Hew U sbuukl lie optTaUri. Whfti lo <Ju when defective. Not a 

S uratlon 0011 bo asked of the eiiKlneman up for pruiuollon. on <ilthnr the No. 5 or the 
d 6 E*T ecfulpment. that Is ool a^kod and ORSwcnid Jo the book. If you want to 
thocbuifchXy uod^und Uut E-T cspdputont Kct a I'opy o( \At\i bonk. U ooNcra avary 

Nkt-WAskft avA ^v«m\TiaxSoua eaay. ^ia>nd UuvUed and 

Snlaraed EOlvkuu. Price. .$8.50 
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UNK MOTIONS, VALVES AND VALVE SETTING. Hy Fred H. Colvin, 
ABSOci&lc Editor of American Maehxniit. 

A hftndy hook for tho or iwhlnivt that clean up tbn of valvo 

•ottlnff. HhowM ibo dirfi'feni Talvt* kws In tiM<. bow Lbcy work, and why. PUtOD 
and slide valveM of dtlTiTcnt I>)K‘s an* lUobtfaiHl and oxjilulnrci. A honk that ovury 
ralJniod man In tho motive mwer doiKtri 011*01 uuKht to bavi*. (loiitaliu rhaitUin on 
Locomotive Unk Mtiilon. valve MovrmniU. HiaiUut >^Uiie Valviit. Analyalfl Uy 
DiaemuK. Miideni Pnirtim. Klip of Hlock. Klkv Valves. PIkioq Valvtw. Heulnic HsLm 
ValvM. Joy-Alton Valve Guar. WalM'baurt Valve Gi«r. Goucb Valve Gear. AlfTw* 
Hubbell Valve tsear. elc.. eU!. 3nl EtJJitoa. KM ikmsiw PuII> ilJuMiraUtl VrUv 

76 ccDU 


MACHINE-SHOP PRACTICE 


ABRASIVES AND ABRASIVE WHEELS. By Fhks) B. JACons. 

A new IXKkk for aviiryuno Intcmitcd tu ahnedvtw or Krfndlcig A careful reading of 
tho iKM>k will Mui only make ]iiM*liani<w ImUW uhle to iiw* ahraalvivt IniclIlKtHirly, Imt 
It will alM tell the Hhop euiH*rUki**iidciU uf many Mlu»ri rutMuml cl1U*tor«cy»lncrt*aAjng 
kinka The (V'nntxrih* iMVttnt4UO'«< In uniriK lano* grinding wIkn^Ih un* fully rxplalnMf, 
Uigrther with many oUii^ thiiutK Uiat will u*nd (ogive Mh* HU|MTinu*pclrui or woHiman 
a Hwn InHlKhi itiio ahraalic enirimrring IMO inuom. 174 iliustratiortM. Tlih Ui an 
IndtipMnauhUi lawk for every iwhinlxt. Price* $8.00 

COMPLETE PRACTICAL MACHINIST. By JoauitA Rohr. 

The new. twunlloth rvvi>wrl and rninrgcti edlllon in now ready. ThLi In one of the 
heet-krinwn Ituuki on rnw’lilin*-#»lK>|» work, amt writt4m for the prailli’al workman 
In the langinue' uf the workshop It giviw full. prwtlcHl 1nHtrikrti<MiM nn the uee of 
all kinds c»f niHaUworking Unde. ImHIi Imnd and nuudilno. and u*llii how ihe work 
should be pro peri y do no U(*ovAn lathe work, vim* work, drills and drilling. ta|M 
and dim. hurdvmnjc und t«'inp(*rmg, the nmklng and uiHk of touU. t«Md KrlmlhiK. mark¬ 
ing uut work, nuu'hino tmde. etc No machlntore lllwary Ik cumptote without, this 
vmuiue. 2iiU( Edition .'>47 pagre. 432 illuatravlotui. Prt(« .... $8.00 

HOME MECHANIC’S WORKSHOP COMPANION. By Andrew Jackkon, Jr. 

ThU treat Iho inriudoa a comulbiion of*bv*ful KiiRKusLlmke tliat cannot full to intmat 
the lutnfly man. and wluh* 11 U not hiU*iMh*d for tnivhaiikal cxiMrto or wlenilKlM. it will 
pruvo lo be a voriiaide Mure of infcwiiiutkiii for anyune who dcsiiVK U) rig up u small 
siiop wlien* odd jobs ran Iw curruxi ott. l.Mi inikw. ill llluHtcalUHiH* Prhx^ 76 cents 

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. II. Vandkhvoort. 

A work of 552 pogm and 072 llluKiratloiui. doserlhlng III ovory drUtll the coTiKtruclIOQ. 
operation, and manipulation of lv>Lh hand and inachlnt^ tools. Includcw chapters 
on lilliig. flulng, ami KorapIng surAto*s. on drllK tapn. and the laths 

and Ito tools: plonen. shapriN. and their tooLx. milling machlmw and cutterH. gear 
cutters and gvar cutting, drilling machiocH and drill work, grinding machhuM aud 
their work, hardening oud teiniKtring. gearing, beiUng. and traiuml.wlon rnachlnvr?; 
useful data and tables 7Ui KdiUon. 552 pages. C72 IlluslratJoua. Price $8.00 

SHOP PRACTICE FOR HOME MECHANICS. By Raymond Francis Yates. 

A thoroughly proetlral and holnful treatment pnipanvl wMHiaUy for thobo wiio have 
had littto or no csporionce in snop work. The kiHruductl^ Ik given over to an do- 
* xDcntary explanation of the fundamentals of mechanical ertonre. This |h followed 
by sev*^ niapusw on the uw> of hiiulH Ux> 1 k and mechanical n>eaKurlng InKtnimunts. 
lueinetitary and luure udvantxvi lathe work In troated In drlall and dirertitms given 
tor the construction of a numiuw of usefid xhup appllanctw. Drilling :iiid reaming, 
beat treatment uf tool rmI. stterlal lathe operutlmw. iwtlcm makliiK. grinding, and 
grinding oporatlons. home foundry work. vie., make up tlic rest of tlie volurof. The 
b<Mk omits nothing that will bo uf uw' to thoar wlui use IouIh or u> Uiosr who wish 
to loam the use w tools The great nuniUw uf clear engravings (over 3UDj add 
tfmondously to the text mailer and to 1 he value of tbo volume ai a visual liuirurtor. 
Ociavo. 320 pages. 308 eugravtogs- Price.$8.00 
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THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MR. HISCOX’S TWO BOOKS 


Wt puhliah fi/vj hi">k9 hy CardfifT f) //uc»/ thit inU kffp you from "iupenting" thtnya 
that done hefirre. and suyifest rayx h} dtn7tg Uml you hwf not Uumyhi of 

before .Many a man spends Umc and uumey. pondering tnier >ione mnhanual protflem, 
only Ui fe*irn. ufte/ iw iuis> sotted the probtetn. that the same Utint; Hus Orrn anompliidied 
and pul in protUee by othrrs hny be tore Time and numry sprnl in un effort U> accirtH‘ 
plxsh irtuU nan aifrady Oern unompUified are twie and nutneu iJKST The uhok Ueid 
of meehanus. eeery known tneehanual tmtertneni. and praetunUy eerry dreicr it> awred 
by Uitw two iHMtks If the ihintf uou want An\ been ineented. ti tt illustrated tu them. Jf 
tt Haifi't been ineented. then uttu'U Und tn them the nrareti thtng^ ti> trhai you want, pane 
nivtenient> or demn Uint will apply in your ease, iierhapi. or whiih iritt yiPc you a key 
frituf ithieh to work. So btetk or set of eper puMinknt u of more mil nutuc to lh$ 
JnHnlor. htallsnmn. or praitual hfahantt Oiurt the two solumes cl»iriM below. 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. Hy Gaiuinkk D. 
lliw.*ox. 

ThI’t U a nilUTthM] uf l.HiNiniicntvliuis cif dufrreni nii'clkaniral innMoriH and a^ipIianroK. 
MroniiiaiMtKl by ahprupriau^ w.xl. inakkiiK ii a IxviK c»r izri'ai vnJuo u* lUr inwiiLor 
ihi' draft»nkan. and ui all r*'\ulvrti wiih nM‘t*haiiU'4i] tasicK Tliv iKxik l^ dlvlilixi iniu 
oiKbu**'!) or ciniiHiTs. lu whirh ilK'siibjirt^fnulUTixrla^HJIUni undiT lln* lolluw* 

InK Mu'haiiiral f'owvrs. TrsmonirMiun of l*owrr. Mc'.bHun'nimt of Muwrr, 

NU«iu I'owor. Air A|»l»llaiHH*i. Khrirk* I'owi'r and <*oiHinirtioii. Naviiraikm 

uiiJ UiKuh. (Uiidjui. Moiioik :iiid rt»ti(n4lnui .Mol ion. lluniUHlioul. 

Mliilim. Mill and Kai*Uir> AH]iUanr*os. <'onMnK’(ic>ii and Di'viot^, Urartnni 
MlM.vllamtuu» l>(ivUn's, ITlIi.wlition eiilancod. 4iFiu( lavu ihhK'h. i*rim . $4.00 


MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL¬ 
TIES OF CONSTRUCTION Uy (;ahi)nkh 1>. lliwtiX. 

This i> II Hi|»|»l(*nii*olnry \olniiio lolhroiir 0 |kmi MiH'lunir.d Mox'iimiH I'nilkr llio 
]1r<t volume, wlnrli Ia more* oknmiitary in chanu'pT. Uii«» roiiUoiH lUusiratiojis 

and JivcrIpUonA of inony (ximbiiiaiJuiiH uf nic>iion’» and uf niivlumr.d (IotoN'm and 
uppllamn^ tumid m diftiviiit Iiiu-n of niacKm'ry, isvli doMn* I hi rut Abowii by a lino 
drawlnji with a di’HTlpbkni Hbowin^ Its workitiK iianK and tho riMdliod of oiH»rallon. 
FriNH tlio niiiliitndn of di'vici*H dt'srnluil and lllusiraii'tl mntbt lx* nii'U(iuii(«d. in 
pUMinK. ‘^nrh lloiiM as ounvoyurK ami Hcvulnrs. J'niriy lirakits. tJii'fnioriii'U’rs, voriuuK 
tyiM*A of iMiilnis, Nolar oibfurl iMiniors. roiiilHjsois ovaiHiniUtrs. (Nirll>o> and 

oi ikcr valvi' ai'ors. iiovcrnors. isa» <*intini^ waPT mop its of varlmis di'MTJiiiiouK. mr* 
Khips. lunUH’s and dynamu!i. aiitomoblk* and motor Nryrk^. nuKay lui:k Kianab. 
car roupU'rM, link and Ki*ar niuPmw, IkUI iMarfoits. iNHsrIi block iiMS'liiinisin lor heavy 
guiu. and a lunt** acouniulaUuii of oUirrs of i^qiial iniiiurPiiitt* l.UUO siHiciaUy inudu 
cngm\lii|p4 41^ octavo |iat;rH GMi KillUmi ci^an;<xi* Fricu.$4.00 

SHOP KINKS. By lUmKuT (ikiushaw*. 

A twok uf 417 and 2iii lUuiitralion^. Iwmit onilrcly clKTcrmt from any ntb^r 

liook on iriac*hln(^linn prai'tkv lk’|>artliiK from ronvenVMial M.ik*. \hv author 
avoids iinlveml ur i*uinmuu Hhon u>44tr and llniliA hw work u> uho^Aimt H|>i*clal ways 
of dotnic UilriicK Ixiuir. inon* i’h<*aidv and nion* ntpldly than usual Ac a insult tnu 
advann<l infUnMlx of ni»n^*iiiatlvo iwiab1b*linumPi uf Uk* world an* planM at tbu 
d la IM Mai of the mador Tlihi I a>ok show s i hi* iin>prk'iur w ht*n* larut' sav 1 nits an* pcMsI ble. 
aiHJ liow pmdncu inav In* ItnjHVvrd To thr nmpUiyw It Iwdds out tmjfBWlJojistbAt. 

R *rly apidUxl, ivill hasten nin advanrt*nK*iit No Khop ran atfonl Ui Ih* wliUuui it 
ULku ultb valiiabki wrlnklM and hulpfnl Rii^o^HliiniH. tt will lioiielll all. from 
appruntire io prupriviur. OPi udldon. i^nev.$8.00 

THREADS AND THREAD-CUTTING. By Colvi.^ and fir.APBL. 

ThU rleant up many of the myup^kn of tbruad.<*urtlDa. such in douldo and Piplo 
^roadA. lotomal ihri^dn. ratrbtna tbreadv. turn uf bobs. otc. ('untaliu a lot of uwuul 
hiflU and Mvura] ublos >Pi udition. Prtc« .85 centi 
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' I 

MACHINE-SHCP ARITHMETIC. Ry Colvin-Cbenet.’ 

1'KU H an arilhmciic uf (bn things you hav<* to do with daily. It toUn you plainly 
about hnw to rind arius in riguraa, now io Mud Kurfan* or voliimn of hallR nr 
handy wuvs fur oalonlAting about onmponiul gearing. ruHing wri^w thnudii on any 
lathi*, drilling for laps, sncsslx of drlUx. ups, ciniTv whivlx, gHmNU)nt«i. milling 
cuurrM. otr . all abniiL I be* M<*tric sysUsn with l■<mvor»•l(»^ tablo. pronertles of mntaU; 
Alrength of IioltN onel uiits. diTlmal isiulvalmi of un Inch All soru of marhlnr^ahop 
figuring ami 1.(H>1 uihor Unnpi. any oiio of winch ought to bo worth muro thao 
th(*> mit'u of I his lH>ok to you. aiwl it Kavii> you the trouble of butburJng tb« hu«4. 8tb 
udJlJon. M l PHcu.. 75 aaaU 


MODEL MAKING 


MODEL MAKING Including Workshop Prtctice, Design and Construction of 
Models. by Kaymond P. Yatrh. ]*4liU>ror “Everyday Engineering 

M?ig;wmr." 

ThisiKHik will help ><iu U> iNstmu* n lH*M4Tmis'hnii1r. ItiHfull of suggcfilinns for thnw 
who liko Vo (u.ikt‘ HungM. niuaioiir aud pr«ifi'Wional idikn. It has boon prc|>arod pa* 
|vrkail> lor ini*tk wilh iikiTluoii<*:kl hoiiUh's S4kiu<*mHy lHM*Qglnut^. inachinUU. jew- 
rli'TK. pal urn makers, onii^o diTks or kink i»ns»id(ikiA Men from vanouR walks of 
life haVI* a {NViihar uihTe'st kik rniMlH rngim*criikg .MopRt. Marino will hi' a help and 
Qu Inspiral.iriii lo sueh men II lellsthrm ** lkow-iA>4lo'' and lkow*to-make'' Uilng.s 
in l•llMple. undersiaiuUhk* (crnis Sol oM.v tlilv it » fuU of gitud, cli*ar working 
(jiMwings and |ilioi«igni|»lis of iln* ouMleK nod aiumCHtiis di^verllMsl Kach nUKlel han 
Imsmi eonKtruehsJ ancl aehully wiwks if il is made areording lo dlrecliuns. Hnronil 
ri'VkMri ami enlargKl.<sluioii 4^ imgt^ :t.*(7 illiistradons. I'ricu . S8.00 

SHIP MODEL MAKING 


Tbr nntu piiUUxhrd htMtks lU/if umt tkr hfw ttemamJ fnr pirn«r in^trufttm on r»ifl*mg 
sHtp uiihU'Is Thio ftrv a nru rfriHithirv t»t fAr» u1 Aoojtv-^hrmg we nurVir<ifl|/ pufr* 
itithnl thr»t tin a pfroAurr Ut hurr. /« rtHtf/ utnf Ur Vi»fk ifUH 

HOW TO MAKE WORTH-WHILE MODELS OF DECORATIVE SHIPS, 

IW (UlTAlN E. AumJTAGK Mk^’ANN. 

* 

A pracural dikil diiiely lunik wIihUi iellH horn aii) hnmly |irrw>n can nuke mndcls 
of a pieiurcN|ue iiarliary Ihniie Kehns'n ami a Ih^nullful Siiamsh Tri*aMkn* (Ul)onn. 
mtfi 41 fni* Aef/v nnti rtfrri»jA/ irtrh4rur rrw ftA/* 1*1 ip anI nor, km»wn "one of Uw 

worlrl's Ic'SMlokg aiiThondks, on Hlup iiKslefs," m Skip Moiiki. Makinc: givkst full* 
Hsed flniwing>) of evtT\ (Kiri ns puns I This linok eleven lies how lo make I hem, whnt 
ruuUinal lit w. how Ui f.isiai u|n*Mier and isdckr IIhuu. hoW' lo make the xiwrN ami 
rig the xJuiw One din^ noi iuskI Io know shiris Ui Mkake lliew' modelx fAr hook dr* 
%ribes v9eni/hin4/ in lUinit. >ei one nia> iiw^ones own ingmiiuly luul arlifl(.1m*]iNC and 
make lliom larger or sinalha Han (Ih* si*alr given ITofiucly lUuxtraUxl. scale draw- 
tugs. coliHSHi fniiitispUsv I’ni'c td.50 

HOW TO MAKE A MODEI Of THE D. S. FRIGATE ‘^CONSTITUTION.” 
By (/AiTAiN E AnMlT.^d^ Mi<\ann 

Rvor.v ina* ^lnrTirt» haA an alTwiionau* inlcfp*.t In '*f>lil Ironaldo**’'- the nldn which 
for more than PM) joarx has ramrtl Mu* flag bi virtoiT and la now being reconditioned 
hv puhhe KUhwnplion. bicaiise xlie repirw'nlK UiO Indommablo aplrlV of the Navy 
This volume by "one of ihr tpoild's frodinp authontie* on Ship A/oflH*. lollx how, 
wlMioiii. previous imlniug. anyone ran make a idmpimcd or (ahaiiHiivcly parucular, 
W'ale nUMlel of this ship 

TIu* aimile dewTijrtkui of everything mqujred.'fmm toolx and material lo the hnUhed 
model. aided liv full xixed plans and mora than lOO Kponnlly made illuriratln^ from 
iiruln il isiiilemporurv wuinv^and the Iai4*si rtimnAiruition planK, makt* Ihe building 
ot the model «ud' and simple Tis’hniealW I’orrett and eompJeU^ in llecif from itact 
toitmah Full) jlludea 10(1. Colonvf frontlapjea). Price.$8.50 
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HOW TO HAKE A CLIPPER SHIP. By Captain E. Armitacik McCann. 

ThJA nrvU(’4Ll and HTmJy iMMih UdlH Imw any handy iKvmn ran makr ■ model of the 
Amrnrxn ('Up|K>r Ship) “.Viprrri^ «/ cV .Sr«”—DfmaW McKay V mo«t heaiitlhll 
VHM* 1 . Thf' author, with ampla dcMiiptlonM. lUtifllrailonR and plana of 

ovr,*> part, trIU how. wlih u fow (ooIk. anyone, can make a nimi^ori modolT wh.'ch. 
while retain)ns tlm Kimi*ral aivpraranre. rllmlnauw mtirh work. W aino sivm all the 
ddUllM for thonr who i PM*m The mllri' hulkllna and rlxptlna are given U> scoU 

frwn 9tart t(\ finish KHIkt RlmplIOcd or wlUi comi>lel« details. Irofueely lUuHtraUd, 
Mak* drawingH, cpiorad frotilikplfwc. Prtco.9S.50 


MANUAL TRAINING 


ECONOMICS OF MANUAL TRAINING. By Loica Rottillion. 

The only booh puhlUh^f that givm Jimt the Information nordrd by all Interested tn 
Manual Training, nyardlng IliilldingK. K<pil|)nh*iit. and Suppllca. Shows eiiactly 
what In nordtd for all grwim of (hr work fnim the KJndentarum to the High and 
Normal school (llvm 1u*TnUcd lb»tA of ovcr>thing iiKctI In Manual Training Work 
and trllR JuHt what 11 ought U> (xiet. AUi ^hows wbvro to buy supplies, etc. Onntalai 
174 pagw. and is fully Uliutratod. id oOlUoa. Price. $9.00 


MINING 


PROSPECTOR’S FIELD-BOOK AND GUIDE. By H. fl. Osborn. 

Nltktli cvllilon. itvImM and rnUnnM by M W. von flctnowlts. The tael rdlHoo 
this volume was puMNiHl in IlilO It niid the pirevloiiH Muvun nhljniiR woru RUilablo 
lor I bon’ tlmoM Ttu* tiew ninth edition will tie fmiiHl eullabb' fur the pri’n*)!! time. 
While the okUtlnie ppoupirtor will alwhyA Iw un Important larUir, the knowUdge of 
aiul wMindi for tlio i*(minion und rari*r ntlnonUN h Itniiging out men who an4 tminrd to 
H(>m» divri’i’ Iti the fk'lrl they ihrwI a handy and >cuggt«tlvr purkeM)ouk mnUlnlng 
hIniM on innHiHX'tlng—‘When' to Hearth and how to tent—couebnl in Rlmplo tcrrriR 3C4 
pages. 07 lUustrallone. iTUv ..18.00 


MOTORCYCLES 

MOTORCYCLES AND SIDE CARS, THEIR CONSTRUCTION, MANAGE¬ 
MENT AND REPAIR. By Vktor W. I’Aai, M.j:. 

ThiK tr<>uliMr outhiuw fully I hr niMvaMon of twiw and four-eyrIe piowrr plants end all 
iKnliion. I’arhundbm and lulwleation KyhU’nw In detail iVwrdMM all rejiri'snnlatlvo 
ryiMw of fri’i' engine clulrhH». variable Hpeeil gean* and power IrTtriHmisnon sytumn. 
(livn (Nmiidete uiRtrurtimiN ft a* opi^llng and n'paJrlng all typoR ('unRlderx nilly 
electric Nclf^tarting and lighung ay«(erne, all lyjaw of aprlng fnmw and Kpnng forks 
and AhowN leading con (ml methods Kur ihcee dualnng toehnlcaJ information a 
oompinto seiits of Pibliw and many formulae to amRt In diwlgnlng arc Inrludcxl. 
The work (oils bow to figure fjower nmli’d io climb grodee. ovt^vumc air rcRlflUoce 
and attain Idgh R)M’eds It snowh Uuw to Rcfeet grur ratius fnr various weights and 
powuTR. how U> (Igiiro hniklng efllelency rrnnlmd. givm rises of bells and chains to 
transiml power safely, and aHowr how u> dcelgn sprorWebi. belt pulleys, etc This 
work aim fncludre <'rmii>te(e formulae for tlguring horwpower. shows bow dyna- 
mnnietor testa are made, defincR rdal Ivc fdnclem’y of air- and wa ter*coo1ed engines, irtaln 
aud anU-frietlon brarlngB and many othrr data of a iMwetIcal, brlpful. eoidnecrlng 
nature. 2nd Rdilion, fflw pagea. .171 sperially made illuriratlMU. Cloih Prioe 

WHAT T9 9ATD OP THIS BOOK* $^-$0 

'• Here M a book that should bo in the cycle ropainr's kitAmerfcan Blacimith. 

“ The bint way for any rider to thoroughly underwtand hK machine, U to get a copy 
of thJi book. ft 1« worth roaoy times Its peUx.*'^PaaJlc MotcrcycHti, 

2 % 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

MOTOR BOATS 


MOTOR BOATS AND BOAT MOTORS. Hy Vi(m)R W. Pah^ and A. C. Lsiifn. 

AU who riro IntcrpKtttl in uuiior iioats. oiCbcw w ownon, huiUlprs or ivpfttrmon, will 
And iUin luUvd w(»rk n most nimpn^lioiislvr Inwliw mi llui dtwjRn, nmxi ruction. opef»> 
Uoii omt n^iuJr of mol<^ lioaiM uml limir iiuwL'r pUnM. It Ia really two compluto 
\tookn 111 one cover uh it (*unxiKU> of two each tHimpUitAt in Itnpjr. Part (ine auulfi 
ttilli Thk ilrtt AM» Ith yirrim;%. Purl Tw<» mriKldcrM Tiix Tow eh Pmntano It 9 
AtixiMAHiKH. A vuluuldo fcutuiv of IhU iMMik Ik iho (‘(jiniikiU* ml of dlniciudnn^ 
working: drawiriKx <lnl:uhiiK llu« nMiKimctJoii of live flirTon«nt lyiKa of Uiai^ runxlnR 
frum u iMmit Bhnliow drafl. luniuH Micro KcmtHl ulllMy rmfi Uj a iikhln 

cniiM*r TUvm |ihin.s am hy A i' IaHicIi, n prucin^l IknaI ImiMnr ami o^pcrl. nuvul 
arrhiUy'i. ami ann'iimiilHi* hi cviwy luirlinilar Kull iuHiniclionH an* Kiven fur tha 
ihdiviion of IV iMiwcr plant and Mk iiiMUiltallon in llu* hull. VAlniihlo wivin' |m Im'ludnd 
on Im»«l 1 and i'riitUio oiioruiion uml InlcKt di*KixiH i if oKMorN un* di*Nrr1hcd and llhiKtraUvl. 
Tlic nmniciionx for ovcrlmidnitf lamt niicJ cuKnio an' worih many llnii'H the Nmail 
nwl of the iKMik. It m a conipmltriiHivc work of nifcnmcu for all mf^inwird in motor 
boaUux iu any of il» pliaKt7«. Ucluvu. Cloth. 372 llluKiralioni. oiMreA. 
I'ricg 7.14.00 


PATTERN MAKING 


PRACTICAL PATTERN MAKING. By F. W. Bamrows. 

liCHik. now in itH Miird nllhon. ik a mmiirrlicnAivc and cntlrrlT pmrtlcAl troQ(i«i 
on the Mihn*ci of iNiticrn inakhw, llluxtruUna pattern work In liotn wood and mrul. 
and with cfctliillc iitsirnctlona o'* ihn UMt of p Ian tor of Parlx In iho trade. It ^vot 
BIX a;] do and didaileii di*M*ni»tluiiK of the niatcnala iwad by pattora nvakon and d<y 
mtIIhm I he luuls. Uitli xUirM' lur Iho Innx'h and tiM' mum tnUimUiut machine tools: 
havhiR uunipicu* cImpicrK on tlir laulic. the Circular Haw. and the Hand Haw. It rIvos 
many cxainpkw of lAttorn wiwK. <'arh mic fully IliUMirated and oiphvinul with much 
dcWl. TInese 4:Aauipl4*»i. in their itn^at vvicLy. offoc much that will bo found of 
liiU'nwl to ull iHvMcrn niaki'rx. and iwiHclaUy u> the younanr ones, who are Reeking 
Infonnailon mi Hie rnori* Mlvanml l>mnchcH of UiHr trade. 

In Hmh M*rt»iid Hill Ion of Un* work will la* found much that 1 r new. even to thorn who 
have lone pnu’llcnl Hum cAWlniR trade In the diw4*rlntlun of paUrms as adapted 
to tiin hlinddiiiR Muchiric iimnv dlfTIrnUi'H which have lunR pn'vtmtrd Iho rapid and 
H!onornl(s»l produrlinn of ra^innoA arc overronie. ami IhiN grmt. new branch of the 
trulr I* Riven nui(*h Kpan* stnpiiltig pkiio and Rlonl plate work and tho kwR expen* 
rIvi* A jHivUir. or nvpf^nic plate woHc. am all i*KplalDi*d In detail. 

l*la>n. eviTyfJav riik«< fur ^•*r^••llnR the c*^Mt of with a mmploto mtem of 

cost k«*i*i>liiK. u detailed mpihnrl of nvarking. aiipllrahle to all branchw of the trade, 
with roinplek' hi formal Ion xi hi wine what the iHvttom le. Its uperlflr title. ItR coat, 
dak' of produet.imi. iiiakrlal of wltUdi It lx made, tho numlxv of plecM and conw 
lioxrH. aitfl Its liieadon in the i»atta*ni xafe. all ccwKlenaed Into a most complelo card 
renini. with erowi Indux. • 

Tbo hook eli»s4« wUh an orldoal am) praetkwJ method for the inventory and valua- 
llim of i»ik*rua. Tlunl Kdiiioii. (Nmtaming nearly 3f>0 pugiw and lUll lUuRtrH' 
tioDu 1^0!.. • . 9&.60 


PERFUMERY 

PERFUMES AND COSMETICS. THEIR PREPARATION AND MANUFAC* 
- TURE. By (». W. AfiKissos, Bcrftmicr. 

A comprehensive irfalJRd, In which there hoe been nothing omitted that could be of 
value lo the perfumer or manufartunw of toilet uroparatioiu. Complete directions 
for m^ng bandkerchiof Durfunaw. sniUlingHiuu, uacheta, fumigating paetlUee; 
preparations for the ram of the xkln. xhv mouth, the hair. coemotlCH. hair dyes and 
other toilet anlultiu am vdvou. also a detaJled description of aromatic RUhetancos. their 
Datum, tests of purity, and wholeeale manufarture. including a chapter on aynthetlc 
producu. with formulas for iheir use A hook of genera], ae well at rmifwaonal 1 q« 
termt, muffing the wantM not only of (he dniggiitt and perfume manufacUimr. but 
alio of Uio guuorol public. Fifth EcUIkiu. 302 pogei. iiluxuatod. iVice 96.00 




CATALOGUE OF GOOD, PRACTICAL BOOKS 

PLUMBING 


MECHANICAL DRAWING FOR PLUMBERS. By R. M. Stardtice. 

A rornpri'ht'fuiivr and [jnu^tJra] irvaUM* on thn Kiibjort of inn^Uanlcal drawing 

in Its variuu) imMlini a|»i»li(tsktmns Ui tlir work of all who are in any way connrrtcia 
wIM) thi* pluinliiim Undo. NothiiiK will no IipIii Uiu plumiHr In iKLlnmlJng and In 
uxpJaliuiii^ work Ui rmxonwn and workim*n am a knowlivlgo ot drawlne. and to thu 
workman It K c»f lucsUnnldo vulm* d In* U to iim* alN>vn hu tMr>iUon lo po>tiUorui of 
ari'nU'r n«|H»hMiilliiy AiniMia itn* oha|dA*ri (xiiiujimhI urs' I VuJuo lo plurnlxT of 
KnowliHlKi* of drawirik'. Ukyitt nspiinxl and ilnnr iim*. (y>mmon viowh mtvlis) in nu^chan* 
leal drawing 2 IN*rs|Msnlvc' vi'fNiia mi'fliaiik’id dn^wing in Khownia plum Mug I'on- 
M.riji'iioii. :i (*omt*|. and iiirorns'L lllolluKi^ in pliiinhirie dm wing. pLin and I'K'vailon 
ixfiiaiiMsI. •! KIikk and c<*JUr pUns ainl devatioii, Muda dm wings, usi* tif (rinngleA. 
/) I'w' of trlangU's, dmwing ot iltliiigK lm|N. eu* ii Drawing plumhlng rli'vuliona 
ami fillings 7. liKinictlons m drawing plnrnhirv ok'VUUoiis h Tho drawing of 
pUindniig Uxlun's, hralr tlmwlngs. P Drawings oi ilxiun«« and lltiings. io, InKtng 
of dmwlngs II Hliu<ling of drawings i;j Slnuling of drawings 111. Hrctionul 
i Irawi 1) gs. liraw i n g oH 1 1 n nd k 11 I *1 1 n 11 1 iltig i*lrvat n »ns fn) in an* h 1 1 is*t ’n | ilan I K li>- 
vations oJ M*p,uai4t |ku 1 s of Ihi* plnnihiiig xysU'in in. Kk'vatinns from thr urrhilirl/H 
hluiis 17 Diiiwingsoi d Vlad pill mill ngis>n III si ions, ik ArrhiiiTrsplansuiHliilunitv 
fug rk^valioiih of n'siiJniri* in I'liinilnng (*li*vAlnKis »r nsJdimn^ n*oniinu(sl). jiluirifv 
for* roll age *.K) pltmilnitg i'll'valli ins. nmf mnnisHoiiK *j) Tlatis and 


MODERN PLUMBING ILLUSTRATED. iJy R. M. Stakbuck. 

This lKM)k rrpn’seniK the Inglnv^i Kiandanl of plnmMng work It has l)con adoptisl 
and nsdj ns a h'feroiifs* Umk by ih<* Umusl S(aic*s llovi^mment. In iU Kuiliary work Id 
(' iilKt, l^orto Um'o. and tin* IPidippuuii. and by Ute pniiapal |{i>ards of Urallb of tliP 
llnilid Hiulos and I'ariada 

It giviw conn<Hiions, sufs and working data for all flxUifos and groniw of Oxtarca. U 
lx hi'lpful lo the inasiiT plnmln'r m detmmKimting lo his nisionivrx (ind in figuring 
work. Il givi^ Ihn nns'lianfc and studiiii quick and easy am>H U> the IhwC riKKlrrn 
plum Mug iimriini SnggtMions for intlniatnig plumbing rouxi ruction an* rariUilnrd 
IniUs pages Tlim IwMik rt'pnscnnik. in a woril. the latiwt and Mwt u|Mo-daU* iirucUro 
and xfioulti ho In thi> hamU of evrry arcbit^Ti. Kanitary (iigimxv and plum^r wbn 
wbhiM u> kill I Inmsolf up to the minnu* on this imimrtanl feature of construct luii 
('ontkiiH following ehapbTs. nu*h illusiratisl w*kh a full-page plati* Kiiolieii sink, 
liunidry tnl>s. vegeiabU* w.ksh sink, lavaioric-s. iMiltry sinks. nmtfiiU of maitile Klahn, 
halh tub. fool and sU IniUi xhower Inilh. wai«T i'Iuh'In, viiiting nf waUT cIoh'Ik. low- 
down water clos(*u. wal nr cIomI.s oiirntlisl liy flush %alviw. waUT closet range, idop slok. 
urinals, the bidil. hotel and n*siaunuit slrik.gn'oao imp. refngi'rators, safe waxieR, laun¬ 
dry waxUi. linns of rs'frlgnrators. liar Kinks. mmU fnunialii sinks, luirse htall. fixwt-nruuf 
waler eIosi«ts, conmctions for S lni|w. vein ing# connect Ions for dmin irapa, sullpiiw 
<*onnis*lions, Mi|>|Miriirig of nojI pi|ii*. main trap mid fresh air inlH, floor drains and 
is*Uar drams, milisnil drjiiiage. water closi*u and flour coniiirtioiiK, lorn) vnnllog. 
cniim'CUoiis for I mill rtK>ms. (sinm*ctionK for liatli moms, coniinued, <*onni*cilonK for 
bath rooms. rontnnniJ. connccilons for tvith r(K>ms. coo tin uni. uxampIcK of poor 
prartk'o. roughing work n*udy for U«t. tcgiing lA plumbing xysN^m. niethtid of i*on« 
ilnuoiis viHiting. mniuiuuua vmilng for twf^fkHM’ work, continuous vcnling for two 
Uni'S uf fixtiiriH on three or muri' Honcx. couimuous venting of wabT cIoK*t4, |>liimb- 
Jug for eoltago Iioum*. constniellan few ci'llar piping; plumbing for rrsldeucc, use of 
s|Ktial fittings: plumbing for two*Hal house, plumbing fur ap^irnniit building, plumb¬ 
ing for double aiuirlrnvnt bulkling. plumbing for ofheo building. pluitdHug fdr public 
Uillut rooms, plumbing for public loilet nKims. continued, plumbing for liath extab- 
Ibhiueni. pi I mil ling for engine' bnusc. factory plumbing; automatic flushing for 
kcHooIh, far mm's. <*tc . use of flushing valvi^s. uniials for public toilet momR; the 
Durham system, the dnstmciloii of pipes by olertrnlysis. convtcucilon of work without 
use of lead, aiiiomailc sewage lift, automatic sump unk: country plumbing, construe* 
lion of eiie!|H>nls, wtic lauk and auuimaUc oi'wagu siphon: couniry plumbing, wat^r 
supply fi>r country house, Uiawlng of water mains and scrvici' by olcrirlclty. double 
lH>ili*rs, lini wflUT supply of lance bulldiricx, aut^imailc control of hot water tank, sug- 

n llou foriwTliiialliig plumbing conxirucllon. 407<xdavo iXMcus. fully lIluAtraierl by 70 
•IKigc cugravinga. Kifih, roviMxl and ctitarmvl ediilOQ. l*riou f 5 00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


STANDAiU) PRACTICAL PLUMBING, hy H. M. Ktahhi <ik. 

A compli'U* jwnriicul JmiUm* yf ISO p^\h nvcfluK ll»c wjlijm nf M^nlAn riiitnWnfi 
In all ltJ< hraru’hm. a lanii* ainnuiiv of IvHrtf <|(*vuu^i u% a vi^y roinnU^t** atid 

E rtical irrainuiU oT Ihv suUjcrt of lieu WaUT HiiHily aii<1 rirrMlatfuu Mui Itanue 
\hf Work tMny 4'luiiU'f>> IimOiiUi' alami v^rry jthAM' of iht* miUu'ci oiu* can 
think of, iiuikinu H an uulKiirn'Ctmi' aorit u> ihr nuy^uf (iliuolof, tl>** )<n<i^i«*yrnun 

plurahiT. ami itic aiipn*DLar iihnnlMT. nNiLalnimt chuiiuax on ihr Uk>U. 

wiping milrliT. romp«"«iiUMi and um*. joint atimia. kiul work. Miplionnfti* of 

irai» vciKiniz, oiuumuotr* vifiiiru: Iioum* wwiy awl wwer miimrlJoriA. Iioum' drain. 
Mill iilpiiw. roiiahliM. main trap ami fn-.li air liiM ^ Moor. >*anl. ivllar (IrniiiK, rain 
li>a<li*rK. i-tf . fifliin* waUT vi*nllblliin, imtirovnl iiliiminnK ronmr- 

(10114, riMflonn* |»liiiiiNriK. idnmMmt for IniU'Lv htJiooIs. farUN'Uw. Malth%. . 
nimlmi c'ouiiirr jilMiuluiut. lUiniiNHi of m'ww ami waUT aupiilv. hi>i and mid 
Minply. rariuc WkrM. nmiUtnm. Hnnibrliw frim**.. ranico Unlnr iiroldi'inH, Imt 
watrr for lanrc iHilldlium. waM^r lift mul 1 h multipli'mmnmiion^ for linl. wai4»r 
bolliTH, heal ink of nwliaUoii hy HUHtly tb«tiry for the plunilaT, drawing for 

ihi i>luinU*i Kiahtli nvi«*«l .iml ('iilnranl i^IIImmi til |iuk>% l^jlly illuxirausi 
l»y :i04 ciigraiiiiKs. IVht . . $4,00 


RADIO BOOKS 


THE A B C OF VACUUM TUBES USED IN RADIO RECEPTION. Hv K H. 

Lr.wis. 

T1n»> IS (lie liiH)k for ilie \n'r^tn wim wMies In know wlml tfwx im In (In' IrwUle of a 
vaiHinin min' wlu^ii d w list'll m u r.idi«i niviviiik nn*uit H m I'amvially valiinlilo 
U) ilje wist Ml wlio know?* iMMlnok ninmi r.idm iind v»tv link* if aiiyiluiik 
IrleJo No iM^'vkMiH li'riimral knowMIm' iv rnss^rs u» iimUTNljind H The iHMik 
|M iilsi» of Kfiiii «$ilia' lo I 1m* e<i|H’ruiM*niiT wIh* i*> jiM (diking dp Ha* faMonmdiitf xtmly 
of vuniuiii Inla* oiaraiion 

SPoinik wdh on exnkiiMUnn of ek'meiiiarv ehrlrtnil Irrmn oik I iKf of ayrahoM Uni 
I nneljoojiik of v.inoiiN vaeiinm iuIh>s hk flehs it»ni and aniHHhns. is eaiilameil Hii'p hy 
Men III «n isimIi iinilerNiaiMUUk' inaiimr The Milmvl of dis|i>ri ion, <«n‘ ol 

Die dillleiiUies rn«inenll> emNHiiditrd in nidhiiilKWH' n'Ciiitiori unhiy. is diMUiMi'd and 
ilM ellniiiiolioii mil V,irt«Mi'4|irariH*.d eimiiis lift' sIm.wii ami iliwnssoil No 

ii'rlmiral lerniK are ii'sil wiilHiiit (henr nKninirw iKina Hrst evohiiiKsl. 1.(2 (win*« 
IK lIlMhipnIion** JMm . ... 75 rrnU 


CONSTRUCTION OF A MODERN SUPER-HETERODYHE TYPE RECEIVER 
INCLUDING TESTING AND OPERATION. l»y a SLiff of Ifmiio Dngniwfn 
• •John K. Amikiwin*, Ai«Tiu'k<'- (^ Miu-sand KiJktH H. \,vvcih. 


This iMioklel wKli iho drawiwmlkToiniHnyina snrm* ein* iIm' nioKi. drtoilrcl Infnrma* 
fMai on I lie min Heir nwiHinM*lion ol u nKuliTH lym* of Mu|KT-lleUTmIyne wliK;h m 
fnin*inely wniMiive. n'ks-iive ami n<»ii-r*«liaHn« and »( (hr same Hnio InHiinw rai*Hleiii 
oiiahly of nmmdmiion wlnni nsetj whli a hadi niialilv kmd s|>e«iker Viry roinpleie 
I Ifiwmailon on Ilie Irsimi; of all parts of (Jk rimiti as wHl ns the t^itdeio n-mivrr 
are mveii The dinwiioiis of'^iliru 11m* set an* also vi*ry mm|»k‘le niwiiona 
an' ItiehKlwl fur sli«lid> al1erlTi« Ih.* wmne nf tbi; n«reivrr to m*(;onimmliMe do* erll 
tiiNw. inaiead of the -larHlanl types whirh n^pdre Mforaae Imilenra The rtc-«Mri 
may he ulUnil for ilir iw of a kmp Jnsicad of an opi'n aiiwnna in ommlamr wHh 
Hie inMrneiiooft given Prks* ... Sl.OCt 


WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. By 
Alfrrp P. M rims an*. 

This Is a mmi)k*le and eompfehendve irealb^. and a clo*» rtiidy of lia p(uw ^11 
eilahle one P) maaler aU (he details of th.* wiri*bw Irawiriwio-i M mewaam. The 
author hllcrt a lonk-felt want and liaa amvooded In fiimi^ink a Iiicjcl. ro«jpn‘hvMve|> 
c^Xoai Ion in idmplr UnauaKi* of the Ihiitw aiKt praetico of window lelepmp^ aad 
t^phony. IM page*. 150 ongravlnga ITim .... ^ 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


EXPERIMENTAL WIRELESS STATIONS. By P. K. Edklman. 

Tho iUfifty. fMsn. ronxlrurtjon an<l opermtton Ifl fully treated InrliidlDR WlreicM 
1>to(ihony. Valium TuIh*. and <tu(*n<*h^d ^\iark tynemi*. Tho now cnlargod edlLion 
\n iust lfNijo<| and Klrfi*l]y up U> d.iU*. i’%rrrrci and Thlfl Ixtok 

how u> mako ap|»arulu^ t4i ftoi only iHiar all loloplionorl and U'lufrraphod ndio ni(»* 
tint alM» 1 m»w (o riiako hlropU^ rfpupmmt that W4>rkh for iranr^inlMiJun over rea* 
Hftnahly lunK 'I'lic'n a luiKt 4»f lU'w lnfi>rmaMuD Invludad The 

tirtil ami only UHik Ut izlvi' )oii all tin* nrpnl Iniitortaiit radio iMiprovctninlAt. nomo 
of wlii4*li hasn oevor Iv^lim* Uvn puhliHiKvi. Thi" volimio unllriiMU'H ovory tioed of 
t)io nwlor Mtlii> waitta tho kIm of iho art. Jix |>rtnHp]4««. MnipIMh^l ralnila(Juii». appara* 
tufl dlmorislorih, and uMdrrsiaiMlahJo dlrcv'lioiiH fi>r ofllricni o|ioraHon. 

Variuitn IiiImi rirtmlut, aniplIlIrrM. t(>ntf-dMuin(*r aola. loop. ndl. and undanrrrMmd 
roorlvorK. tahli»» r'aiuu liy. IndiiotamT. kuoIi aro u fow m tJie mih* 

JorlK nn»tftni4'd In dolall lliat ittllMikai. Jt liidefN^ndPiit and uuo of Ihn few tfuil 
duHcrlm^ ail imMUrn HyaioiiH. 

Kmlomvl hy foromoNt In^irufioTK for lla rlrararrnrucy, pn'formd hy Irvullnf? amak'ura 
for I la ih*|M*iidahlo dc^utriN Tlio now cxiKTioK'ntai Win'Uvw StalJonK lx Kuro 
to Ih* moKt NUtiHfaoUiry for your |»ir|iUMta. 1*7 oUaplorK. UUii ikikok. 107 jlliislra' 
Uorw. i’ruio .$2.00 

HENLEY'S 222 ^ADIO CIRCUIT DESIGNS. By John E. Andkrhon, AirrHOK 
C. C. Mm.m uihl IClmku 11. J^kwih. 

An cut inly tuw amt Unwoushly iwartlral hook on radio rlmUt dwlfrna which will 
Muvt iUv. nofxJx of every radio otilniixiaai, vla'ihcr novin> <ir 4*%i»cri, nmuU'ur ur pro- 
fcmioriul. It U n'ph'io with rumv^tand tmxiw(a*ll»y nnlio li.funiiulion from which 
any onocan nuct^'mftilly build and o|K'ral4» any of the cInuiltK tfiveii. (NnitaiiiK tlir 
lanriwt ndhrtum of ra<|]o cinuillx and houk uim ever publlsluvl und includiw idl llie 
aUkUdard tyiaai and luUiitdcvdi>|»ov***Ut. 

Thfa new IvHik trrala tlio in an ontlrriv dllT«Ti*nt and novel way. om 11 Ik tlia 

only iMKik Unit IIIUMimU'9 iho <*ofntdrt4' eliv'tncul di*xlirn of ihn einnrua. ahowiinc Ihn 
eliM'trleuI valuea i»f nidiictanecH. caiiodiliM and resiHtuniHW. with the namu of each 
clviucikt on the dlairntm of the circuit. 

The Ixiok explaiiHiri xlmpln wonlatho |irinc1pU*^or(nMTntir>ii of cviwy circuit diWTlhri I 
and I ho fuiuMiiiUH of all of Miu eom|HMUHkt iuutx of apiuiraiUM -hut eamfuU.v a\uuls 
m^xllcMi lUiHiry. It Ih ao Klntplu that the no \ let* will uiideraUtnd It. ho lUorouicU I but 
ho can huHd HUoivsnfuNy any cinniit Jt eictalUN wiMiout any oihor uMHiKiariee; ho 
aunciiCivo of m*w circuit arronKcnientH that ilin mcinr. Iiisatiahin tarM'riineiiler will 
find It im inexliuiifllilile Mourr*e of clreulm: mi conu»n*lienxive that Uio inoNt ackaneeil 
aniatAair will find iiiHidraiion In IM ihMtrx; ho eonipleU' xml conveniently amLiiaiHl 
that the cxfMTt nidiu un*dnivr will Find it an Invaluable and handy nTiciTiico volume 
Ml thonnufhly ImleAod Unit Uh' rt*ailer can lind at nuoi jnnt the circuit Inform a Uoii 
lie U MH'kIng. It lx a viTliable founialn of uuthoriiotivonullo Inforinalioii. tl hrlniis 
lo I ho Nidu of every cspi'rnuenuc tlin nnulu of n'Miandi in the InrRtwt JnduHfml. 
imiverxily. ami dovrrnnient roilio lalioraioniw. and ilio exiHTt knnwIedKe i»l ihn 
MnsiU'Ht radio encmei^r^. Ji U tho radio cxiierimenlcr's Indlsponublo asUstaoi— 
nix iiiHi'paruhlo lulMiraiory Companion. * 

in aildiiiori ItronlaiiUi a llxl of all xyinhoU ami a fdoaxary of all (Achiih'ul fermx ii*M 
In the iNHjk: kimI u|Ht«Klate llsi of all tliu ini|>or 1 atit hnswleas* Irm sUthmx 

In thn rnii^ Huri^w and i^xiuula. uwctluw with Uidr oixTuUnir wum* lenytlK or 
freciuenrjoe. 271 paKcw. ^^Idiamnu. Fricu.9100 

HENLEY’S WOREUBLE RADIO RECEIVERS. By a SUfT nf Hadm Engi¬ 
neer John K. AsD^m>s, Aimirii V. C. MiLi.f« and ICut^ik H. Lkwth. 

An authoHixtivr Imok on imudii'al receiving Adn of niiKltm design rltb complete 
nxplkul diivctionx for huildinc Un*m. 11ilx ni*w Ixxik eonlalnx cumpU«te diwlpilonx 
of man> ivpi«ofrm«iv4v>. which, hy long exiHTumrr hevi« proved 1o Imi LhernoAtHHl- 
ixfaciory from the view point** <»f xi'hnlvlty, xcnativily. eonvonlenn* and economy 
of ofM^ndion. deTM*nduhility. and (fualilt of rrimlurilon It glvi« in |r^r^at4'Hl detail 
rlmill and wiring diagram^, panel and haaphf«rd layouta and drilling templaltw. ho 
that any aniiiionr may huiUI a xnccrwfiil reccivnr from ihe dIrocUonx given, It alxo 
iTK^urlcH a dlxTiiMsIon on the |w1tielpU« underlying eai'h rlrcull, and hhows clearly how 
to u«t and call lira W tliu (W'lvcra. IIKI pagen with IIG apeclally made ongravlnn. 
..•1*00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


SP^CUL TWENTY-FIVE CENTS RADIO BOOKS 


These inexpensive heoks centain e weelth of essential ttedio in/ormo¬ 
tion. They answer of qucifion# afrou^ the art and science 

of Radio Ttleitaphy and Telephony, in language so simple that the 
most inexp«rtenc«^ nootce an^ oma^eur eon easily understand. 

£oepy branch of the art is thoroughly and systematically covered, 
detailed information being given. Experimenters will find in them a 
storehouse of ideas and helpful hints. 


DESIGN DATA FOR RADIO TRANSMITTERS AND RECEIVERS. By 

Mjltun B. SLi;Krt:K. 

Vur from tx'lnii a nillrrllon of formuUK, Oiwikh Data takra up (n proprr w^iuanre the 

i pruhlrniH corouriU'rttl in olanruniK all tyin'N of for ehnrt. mMium and 

oim aavo wiirk. anti N|»afk rgil. iran’«ronnrr and \aniiiin lii)« LronKmMt4Tao|M*ratlng 
oti 2tNi hioii'rN. Taltlt'a Jiavn hivri aorktfl out 00 tliat valiim ran Iw finind wiUiuut 
tho UNO of matlioinatIrv. HaiHo riprrlmrnUTN will And hiTo InfiVmaUon which will 
oDublu Uivm to Ua>o tho uKwt modum and eiTIciCHt ociulpnieot. l*rlco . S6 eenti 

HOW TO MAKE COMMERCIAL TYPE RADIO APPARATUS. By M. B. 

SLKBPl'm. 


Til Ik Imok tlmnihra In drull many rtunmordal typrwof Kpark and vaniuro Uihf ia)c- 
phono tranKnuHluu and U'liwrapn and iiluinr rrt'oivliiK iKpilpmont of all klnda TJie 
capiTiinvnWr will Iw uhlo to tfi*t a worln of idraN fnr ihn conatrurHon of IiIk noxi piocn 
(if radio (vjiiiprntnii fmm Hit; very okur duraTiplionH and tlie IHl claarly illu«ttnki4xl 
nguroK. iou jKMPw. IViro 85 eeoti 


IDEAS FOR THE RADIO EXPERIMENTER’S LABORATORY. By M. D. 

SLBBrKU. a 

ThiN lHH>k la ImllKpmsnhlr l4i the rtulki vx|it«rlim«nl4Y who doalrca to eot maximum 
iiiformatmii rikI mjr)> mmt mil of hn* oxim'H months. It fully dcMcrihcw nutIi laboratory 
pxNrntmlK UN oM'iliutom. varuum tiihr charariorlKtlra. m;«o<iiHna Hmuta. 

and iiiany oUmtn. H dtMTflMw lIuMtniKinH'llon and oxplaina tbn advaniamof van- 
niiN nillH, and Hhowa how tfuir indw'MonN In* cak*ulbU.Al VM peges. dO IUuk- 
trutions Prlro. ... 85 ecnta 


RADIO EXPERIMENTER’S hXnD BOOK. By M. B. Sij!kpf.r. 

In Ihcar dayK when tho Radio Sol U nlmoist wi In tho hnmr aa the Phono¬ 

graph. tluro han bwn a anxii m<Bnl uf a hook which UA\s In ronekae way the ‘*Why" 
of RmIIo-* What inakOA It w<^ Bow to build simplt* transmittm and recoivera. 
AriNwcr^ t he praei letd ipiPNtionK of the novico, the bewInniT and the ad vane^ Hiudent. 
liivea detailed dtwcnplioua of luany lypea of nv^vlng elmilta Includina the eryatal. 
audlon. racotHratlviv ulw) ampUntTH aod oadllatora It la a haody rneruneo book 
and no iip-lo^ate radio library is compleUi without a copy. 143 pagea. 16 chapterN. 
82 engravings. PnK* .. 86 mtg 


RADIO HOOK*UPS. liy Milton H. StsKPEu. 

la thiv liook tho lM>>t clreultK for dlffurcni InsdrunmiU aod varloui purpoeee have been 
carefully Aelcauod and grouped t<««»thor. AU the beat clrnuu for damped and un« 
danuied wave recrelvlng rtm. huiaer. spark roU atid tramdormer sending equipment, aa 
wall as vacuum tube telegraph and t4*lophone transmit ier>. wavciaet«rs. vacuum tuhg 
moasurinK insirumeau. audibility xnoiwi. olc.. are shown in ibis book. 86 mbIi 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


RECIPE BOOK 


HENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND 
PROCESSES. by Gardni^k D. 1Iiwx>x. 

Thr most vuluahlr Tcrhnn-chc'mlcaJ PormuUi Book pnblldbed. Including over 10.000 
wliTiHl hrlrmtUkr, Us'hnuUwu'HJ. and pnrtlc&i nrlpa and pnHXJMCR. 

'I'liU 1*1 ihi' niuKt nimpli'lo Hook uf Kornmkis i*v(*r publlsbm. giving IbousanUa of 
fur iIh' manufaruin: uf valtiabli* arikli’M fur rvuryday ubo. flliiui. Helps, 
i*rArt1<*ul IcIriAik. «iik 1 I'nunwAw an^ n*vtxiltvl wltblr. 1 Ia pogiw. It mvefK every 

hrancn r>f ilie iuu»fiil art a and tell** tkiouwndM uf ways of oinking money, ami l» juhi the 
iHX)k ovi<ryun(' KhouUi bavi* at hw coiumaml 

^liKiiTn In lU in'iitnieni uf (mry Miil>j<ri lhal pruunrly falla within fta snoiHt. the IkkiU 
may truthfully h* tcikl Ui tin* vtry laUM ftirtnulaK to be found in tlie arth and 

InriiiKirleh, ami lu n Uin thorns pr(«’m*«eN abtch long eapodence baa provun wurihy uf a 
rMTin.vn*iii ri'Ciml To po'st'nt b<*re even a li oil tod nuinbnr of ihv Kiilu<'eu whleli dnd 
a Mkuv In ibis valiialde work woukl Ir dinieuU. BufRci' to aay that in lu iiagm will 
lie found luatux uf liiuiiso InUxi^t and immi'AMuraldy iwarUcal value to Uie HclenilMc 
ainabuir and to him wb<» wIhUim to ohuUn a kmiwlitlge of the many prooiw.rx UMod In 
the aru. Irafhw ami mamifaciuri*. a kriowkslge which will render hU piji>uip( mure 
Instructive and renumivatlvo, ikxving aa a rrrmmcu liouk \o the hinal) and Ihivg 
matiufiu'iiirer knd eutidying ioUdUgt'nt MsduxK wlib lliu fnfornuitiun ncctwary tu 
conduct a prca'eHs. Uie wurk will lx* fmiiid ofiniMimahlo worth u> ihe MetaUiirglet. (ho 
t*huUMni])luT. Ihe I'rxfiinxx, the palm it. the Mannfminrrr uf (ilurs, Paxhv. Cent en la, 
ami Mu(*ilagc*.. thti <Nmi|vniml«T of Alloys, the (Vxjk, the l*h>>k'ian. the Dnigglet, the 
l*)lerihclan, the limwer. the Ktvliiisr, the Kgiindryinan. thi* .Mathinlel. ilierotkT. dm 
Taiiimr. the (Nin hr turner, the rhlni|XM|lsl. ihe Manicim*, the Manufacturer of ('hi *m« 
leu I NuvuliJeH and Toilet l*nnuiratHMis, tlie Dyer, the Klertruplaler. the Eiianielor. the 
KngraviT, the I’rovWomT. tlie CJlass Worker, the (•cddl>natef. the Watchmaker, the 
Jeweler, the Hat Maker, the Ink Manufaciunx. the (Jjuldan. the Farmer, Uie Dairy¬ 
man, the PaiKX Maker, dm Wood and Metal Worker. I4x* Chandler and Hoap Maknr. 
Uie VeUxIhary MurKf'uri. and the TirhnoluffUt In general 

A mine of mfcinnaiioii. ami iiivUMlate in <*very ri'spcxt. A hook which will provi* of 
value to RVKKYONK. as It Covm every Iwaneh of (be (iwTtd ArU Kv»tv homo 
TMdB UiN IxKik, cvcT)' olTIce, every facu^ry. every wore, every jmliUc ami prlvain en- 
t4»ninM*—KVEli^ W’MKKK—Khonid have a ropy New «xiilion nnmily puhli^hivl 
to which has Ixhti nddisl an illnslraiod chmn4ir on Vm'ful Workshop and l^liovHiory 
Mcdiodh. S07 Tlag^^. Cloth Hound. I'lCr $4.00 

Ked Kfllw^kuid Binding, riiee 5.00 

WHAT Id 8AID OP THIS BOOK: 

"Your Twentieth Oontnry Hook of Hceipew. Formula.^, and Procfmea duly received. 
I am gla*! ni have a copy of it. and If I cmild not nmlace It, money couldn't buy It. It 
lx the l»ext ihing of the imrl 1 ever saw.*’ (SIgneiii M K TRox. SjiarfA. WSs 
’'There an* few iXTsoiis who would not lx* aide in lind in the l»ook some single* hxmula 
that would repay M^verul ihe axtt nf tbu lionk.’*— Merch^nU' Heoxd and ^how 
IFiwrfMtr. * 

*’ 1 purehawl yotir hook ‘ Henley's TwoDtioth Century Book of Kedpa*. Formulas and 
rroce*<seN' alxuit a )car ago and it Is worth Its weight In gold Wm, H. Mvhkat. 
Bmuiingion, Vt. 

•THE BOOK WORTH THREE HirNDRED DOLLARS’* 

"On cloKO examination of your ‘Twentieth Ontury Receipt Book.* I And It to bo a 
very valitahle and useful lx>^ with tbo very heat of practicid information obtaitiahle. 
The price of thelxiok. $4 00. is very small In compariaon to ibe benefits which one can 
obUiii from it I consldir tbn hook worth fully threo hundred doUan lo any<mo.'* 
—Du. A. C. SpRTTR. New York. 

"ONE OF THE WORLD’S MOST USEFUL BOOKS’' 

"5k)me (Ime ago. I got one of your 'Twnntlelh Century Books of PornmIaA* and have 
made my living from K ever ^noe I Bkin alone since my husband’s death vHth two 
xmall ehildri'n to ran' fur and am trying so bard lo supprvt thuro, I have customers 
wbo take rn;m me ToIlH AnJelex f put up, following directions given in the book, 
ind I have found every one of them to be fine.*'- Mtia. J. U. McMasbn, West Toledo, 
Oblo. 
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METAL WORKER’S HANDY-BOOK OF RECEIPTS AND PROCESSES. 

By William T. Biiannt. 

Th |0 biMik ix a collMtlnri xtT rluMiik'ak fcnmilaK &imI iimrticul luaiiipuUMoiifi for iJio 
working of ull ibr niotaU and (ncludliiK Um* diK^oniUon and it( aril- 

cl*« riianoLudortKl Ihpn^fmni. an widl ax UH*ir prm^val.H>n. lidilod fnmi vuriuiiM 
Miumw. Nfw «<ilUu«i (*oiiudidtiic orw HuiplitH on tlunio wrldlria and rui- 

tJnK< tiivnidt woldmu. nlivlrir wH<linn. ir<dvanlainK. Htthouu'N xpray i)rocHMH. H 1 ktu> 
dl&lTiK and dtn caHtin^. Cloih. 5 h 2 paKWi M2 kUuxuitrloiix. I*rlcn .... S8.00 

TECHNO-CHEMICAL RECEIPT BOOK. By William T. Brankt and 
WimAM H. Wahl. 

TIiIm w(^-kiiuwn Umipt Dook 1 a a mlnu of arriimU) inf<»nuitli>n iliai fvc^ryono may 
work to itmit ad van tain* It lx c*m*yi*lup('dH* in ranin*. yi*l icivist only iltr hi«i formula^ 
fur inu'h i»ri')Hinition or opiTallvn. and ihoroiuth uwij* b) comtM'L^l imm vnarmtbHt 
tlH»ir iTiirmnlr ninnt T)N*n* lx MotiH'ildna b«*ri' fur all—fc»r ihn Tnaiiiifw*lnrt*r 
li i aJ Ic t\ H. vK |>l I Ml v(*M. t*uri 1 H*i»wa n* or k uHht for Um* n njfi r tluJ m t Un »k n tie fnr a 11 ra* *1 j v i ‘ 
•»|r«(*ihIiU« for Uk’ ruKlnivr annoy vd 1»> UMb*r ivirniHUiiloriK—for tin* twin tor and 
dH'oraUir wwldna u» imiirovn Jm i)r(K*i«*<n» and irKdlunU—for Uk' woman wliii woold 
n^utrx' a fvullirr or rUun a isilr of aloviw 

Tkio urlH. iho lndUHiri4*s and thi* Inmnidinki may wU |>rol1f by Uiv wurid^wldi* fxpv- 
rk*iMn* Hint hax laim nindvOMnl la*iwu*u two mstts of I Inn voliimr KoriiniltUi thi* 
iniKl xhr(*w<l and jnTtislvia hiviwMieabiTM Imvr KomHnnrx dlMiivoroil nnd la^rfivuxl 
only afKi* ytnrs of oxiKflrnwnaijon un* lH*n' i*k;wn-ly mh down Tlio llbrury' <»r the* 
lalMiRitory. iMr fa(i4»ry i>r I In* lionn* noi iximMkMv wlUimit OiIk liamly and iM'ful 
rtdvmuH' voluims 5H1 p«m('x. 7 m llln?«i^aU4lll^ l*rloo .... $8.60 


SOAP MAKING 


/MERICAN SOAP MAKERS’ GUIBe. Hy I’. H. MKF.nmirr. 

•Soup und ChewHtif \tuHHhnlHrfr und Ctioiu^l: Vormrr in^trufUit of Industrial 
CVir«ii>fru and \. V. HTaVU*v Mta.simi.m h. ChrMinot /v’wumm.* .tA»i*fodr VnifrMur. 
IlrtiitktuM Colinrr uf l*hitniutcy, Aitfhnr of .SfamA/uux' ami Ktndprrlrif'x Short Hharnui- 
cvuiif Chnuniru: Ftfriurr I*tnidvnf Idtilndrfpfna flrauih Ainrruan Pharmorrutiraf 
AssociaHim, SUwlirr SnrnUJn .SofM firs. ric. 

An up-l4Klhr-mlTint4' trratiM' on Ifm art and arU*nrr of tiu' niaiiufachtff of aoap. 
randli'x and ulliHl lolka itn*pan4ic»ns Tlnx lx Ibi* most nmudrU* and oxbaujftiva 
book In till* Kimhsli loiianaa^* n*lir i>n*vioiix 4«lllioiiic by Wllbiin T. Urunnl. on 
wbivli lluK vidnmr tn |>arlly haxKl. wi«n* wldnly iu demand by tin* trade, wlileb WKl.j> 
nrx tJmi they otfmxl informal lun uf dixiincl imudlcal valoo The ixiwnt. fhJrd, 
edUiuii ha.s Uxii Uiortiunbly n'vJxHl. I'nkuyi'tl.amiindy nwi>t and bnmirlil to dau* b> 
the addlUnri of many new eliapti'iN. all uf wblrli aru of paniinonni importatiiv lo the 
Hoap IndOHtr) of tins eouiiiry w1ik*U box xtiwHily itniwii in tlm luuA, five dix^adex — 
widch IR the lilst(»ry of tills liook- Iu a \itMiiuu uf dignity duo lia xlc'udy and pni- 
an*«ivi' devH«minen 1 Aiiutuu hailme nxeu U> Uie alHiinMirtaul and eii viable posi¬ 
tion uf IrioK tbe buinwl ’«>ttpH*Apurttii|z nation in the world, llu* proKnw nuuU* In tho 
imap iiKlUHtry box Imvo plumona’iiul Tin* new edlUoii containx every modiTii jiniillce 
ku the drvelinniHnit of Uh* mdoxiry Tlie pbydeal and eln^nlea) I'onNionix of oil and 
falx have rhangiaJ and the iiew 4«lill(in eontalna a eomidete list< witli in(Klemtir*>i^ 
tlona for ykelii. etc. TIh» reeovery of KlyeiTiu. two of fatty mitin, xpeoial ^laps 
exartlriK purpoeeH twfnxially 6tt<xl ft^ textile umm are In »in<at deinand. All Uiumj 
uubjA'te on* fully tmtixl in ll»e now ixtltkm. An entirely new cliapUY on tlio numu- 
foriuri' of eaiullni bos Iw^ added, while tim twe ofayntlH^Ucsi in the iwrfundnK uf auap^ 
u fully tr«*uUHl ThH U the must Important and tImrouKlily ui»-u»-daie IxMk ever 

E ubllxhod on UiH Important subjtan. Mb pa<is 0x0 Inclios Cloth bnulInK, H>5 
luxuatiuna. Prleu . $10.00 
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RUBBER 


RUBBER HAND STAMPS^HANIPULATION OF INDIA RUBBER AND 
THE PREPARATION OF RUBBERIZED FABRICS. By T. O'Connor 
Sloanb. 

ThU hook slvra ^lll aU pc^nUi. irMilriK In a cooei^e and almpie tnanner the 

Hoionnw of tiwly rvorylMtiK It u twcttmuy lo undenttanU fur a roinmrnot^munt In 
any hrandi of thr Inda KuMHt Klanufacturr Tbe making of all kItidM of Kul>l)er 
Hactd NUimpii. Stnall Artirkw of India ]iuiilM*r. IL H tiovenniHint C’omnuHlilon. Dattnit 
UatMl Hiamta, ibn ManlpuUMoo of Sliwa Kubhnr. Toy liallooiu. India UuhW Hulu- 
Uorm. HbnkliiKx. H^HUivatinn VamUh. and Tniaimoot fur India Kuhher 

Hhoi«. ou*.. the flHi'l(t4itfrH|»h NuiMip tukK HuhlH*ii8A«l Kutirirs, Haln ('ualM. Rubber 
illovi* Makintf. Kin* and uaWliHi IIuhi* Maiuifui’tiin^. MlnndU/iNMiH Noi4n. with a Short 
Accouni of Uh* t)lw*nv(*ry» f'Olkrtlnn and Munufaruin* nf Incim KuMxr. an* Hoi forth 
tn a roan HIT < hid KiHtl ti> In* niwiily undirxUicMl. llM*i*v|>lanalloiw iM'lng: plain and simple. 
Iiiriudlna a HiaiM^r on KuhlMW Tih* Makltw and Vuli’anlsiUK. uImi a rimpier on the 
uww of ruhlMT in Hiintnry and iMiiwtry. KourMi rvviMil and nnlarKud wllUon. 
•^'J 2 |KUC<«- liliMtrabli KHi*n. ... $8.00 


SAWS 


SAW FILING AND MANAGEMENT OF SAWS. By Rohert Grimshav. 

A prarttcal handdayik on Ullnff. gumrnInK. itwatfina. haromniitiK. and (lu* hnulnR of 
band Hawn, the work, and jiuwit Ui run rlmilar nawa. Hr A Inmdy book fdr 

Un»r who havi*efiarsf* of awn, orfrw ihuw* mechiuiln who dothHruwn lllliuc. an It dnalJ 
with llir proi»TNhaiH'and plirhiK of mw ui^th oi all klmN and many umfiil blntf 
and ruUw for Kummintf. xeuliuc. and flllnR. and U a pranlcal aid Uy ihow* who tm awi 
for any imrpow. (^umplrto taldne of pm|>tT KhatM*. pilrii. and aw Urth ax well ai 
•tcm ami uuinbvr of loetb of various saws arolududi^. Kuurtli edition, revlbod and 
eedarged. lllustniiad. Price.. $1.50 


SCREW CUTTING 


THREADS AND THREAD-COTTING. By mid Stable. 

ThlH i*k*artt up uiany of thi' inyHlrrltK of thnwI^rnuinR. Mieh an double and trijde 
tlireadH, iutH nul threadt^. eaiehinu ilirKuln. omi of IhiIm. elc. (.'oniains a lot of uaefuJ 
hiniH and wvtral lablen. Kourlli K^IHloti. JTico. 35 Mail 

STEAM ENGINEERING 

ENGINE RUNNER’S CATECHISM. By Hubert Crimbiiaw. 

A prartlral tr(*ailM* for the Bbatfonary encrinwr, t^ina how to envt, adjust, and run 
the principal strain cnKlneK tn uw* in the (initrd SutoH. D^iHCdblng thu principal 
foaloros of various HpeciaJ aod wnmknown rnokos of ouglueu Tompor C^ut^olT. shipping 
and Hocvlvlng Pciundatlons. Krurtlng and Starting. Valve hotting. Care and llse. 
Kmtfgeoduei. iCructtng and Adjuating Hpiclal Englnn. 

Thu ^iMstlons askvd throughout thu ratechiain aru plain and to the point, and the * 
answers are given In such slinpir language as to be readily undHrotood hy (iQy<me. AU 
the Lostrueiluiu ^veo arv eompleu* and up-to-date, and thi>y are written Id a popular . 
Style, without any terhofcaililw or matbomatiral rorrmilre. The work Is of ahkody 
die for ibt* pocket, dearly and wuU prinuvi. ntcoly hound, and iwofusoly Illustrated. 
To young imgirieeri UiIh catochtsm will be of grvgt value. raiMxiaJly to those who may 
be propariug lo go forward to he r«tamlned for certificatee of comnotency; and to 
engmeert gamely It will he of no iitth' service, aa they wlU find In this volume more 
fo^y practical and useful Information Um is U> bo found anywhere olae within a Ilka 
oomptM. 'iH7 pagoi. dcvenih edition. Price.$8.00 
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AMERICAN STAnONARY ENGINEERING. By W. E. Crane. 

ThlB book 4t tlir holler room oocl uhoi In iho whole nower plant. A plain 

t*lk on evory*day work about i*u^eF. iKUksn. and UiWr ocreiworVii. It in nut Inlondod 
to be fldenUftc or matbumaUcal. All fonuuUa ore In Nlriiplo form ho that nriyunu 
undunundlnit plain arlihroiak* con nwdlly undomond any of them Tho author 
hOM modu thlM the must prorUcol 1>ouk In print, bae Kivnn the rmulta of hh* ynm of 
eip«<l«)ncA.\ and Iioh lucluditl alMHit all that hoH u> do with on room or a^wur 

plant You uis not left to %[i€m at a slnnlu point. You oio ohuwn clearly what to 
oxpoct ui^er thu various coudlUouH. bow to m^uru Uto Uwt rtwulu. wayn of prt^vout- 
Jna '*Bhut downs'* and miialrN. in Hhtirt, oU that Koiw u> ntoko up the ruQuiromciile 
of a good onalnerr. capable of talrinff ebarne of a p^t. Its |4alu uuuunh for practical 
men and y»t of voluo to thorn* high In (bu profcnslon. 

A partial llet of coDtonU la* Tfao lioller room. cloanlitR b^ers. flrlDS. feodlnji; pumpe, 
InHpuctloQ and n*|)alr. chimneys, eloni orul cunt; plplnx. moHon work, funnaatioru. 
tMitln^f cvmont, pUe drtvln4j. nrifflnai. alow and bU(h apo^, volvm. valvo HeltluR; 
Corlioi annlDu*. aettlnc volvra. oinnle and douhiu ecctmtrlc. air pnmiw and condeuMUw: 
dllferunt typtw of conduoMVM. wat^r nondod. lining up. iioucuIh. pliiH not Miuare In 
crowtliuod or crank. onKlnount' (ouIh. pUtuna and platon linax. iMwmr mntai. bard- 
enod copMff. drip plpok from cyUndi>r joekeu. bnliK. huw mode, con* of: oUj. amowN. 
tuntlnff lubrlrantf. ruka ana tabliw. liicludJiut fltram labUw. an4K of euKruflut, 

S uoDM and suuoro routs. cubM and cube root. Mnmn and drcumfuruucwi of eirclu. 

iiU'N on Brick work. oKph^kmi*; pumuK. pump vulviw. hcainrs. (N’unomlsei'H, 
ufiay volviw. laj). lead, and clearance. Has a ciitnT>l(*l« cumluuUoa for a llci«)»\ 
^ nl<^. ntc. Tliird edition. 311 poitue. 131 lUustrailoxu. Prlcv. « • . 13.60 

HORSE POWER CHART. 

hhowe ihn bonw-pownr of any stationary enitinn without calculation. No mattnr wtaat 
(bo cylinder diameter of iitit>ko. thu Ktoam pn«Hur<' of rul>otf. the ruvolutlons. or 
whrthor nnideUKlna or nou-euiKlf'nNiiut. it*H all tbem. Easy to um\ accurate, and 
saveH tkmo and calculations. EspudoUy useful (o uoakueerti and dwlgnerv. 60 ceota 

STEAM ENGINEER’S ARITHMETIC. By CobviN-^^UENET. 

A protulcol iKieket-loM^ for the 8U«m riurinn*r. Shows huw to work the problems of 
Hie ehKbin room and shuwH *’why ** TelU bow to hkunr horw'^powor of euAlniw and 
hoilerw, area of IkUIith. Iuw Uldtw of anmn and rlrcurufervinciw, steam tables, bos a 
dietlunary nfuutfini'i.TlnK u*rnv<. Puts yon on Hi all of Ihe little kinks In IbcurinM wlutu 
ever lhen« Ih u> 11k urt' oronml a iMiwcr plant TelU you about tbi* hi'at unit, alwolute 
xeru. adUliatIc expamikon. duty of tmulnns. forior of safoty, and a thousand aodone 
other thlnxM; and every thins U plain and iiImplo-Hiot tbo bordtwl way u> IlKUru. but 
the eOHlOKt. Eouftli Edltlofi. 132 ihuHw. iMco.. 76 ceflU 

STEAM ENGINE TROUBLES. By H. IIamkvnh. 

It Is safe to say'that no book has ever lieen puNUhed which gives the procUral 
nhtonr lucU vuJuolilo and cotiiprvliuiuiivo InforinaUwi on stuom engipe dusbin and 
troubles. 

Nut only dofw it cIcmtIIm* lln^ troublm tim prinniial iKirls of stAam imizincs arc Hubjort 
to. It eoutroMts good dcHJKQ with bad. iwuntM out tlw rnuMt HUlutMe nuiterUI for curtain 

C rlH. und tliu nioal approvitl cunSrurtlon of tho ans). It Kivm direcikons for eorrecu 
I exUiina evlU by folio wing whioh breakihunm anti arridm/x can Im^ a voided. 
Just IcKik knl4i the natun^ of tint infortuition tlds kiutrk kIvcs on thu following imb- 
jKTU. ThHTe arr drM^ripiiuUH of cyUndorw, vuivus. pisUiuK. franitw. pillow bloCKN and 
olbttr bearings. (!onn<'rllng rods, wrbdpkattw. daNlipots. mw*hruds. valve guars, gover¬ 
nors. piping, tliruttlu and omergoney valvus. lOift^ty sHuis. fty-wlundA, ollerH, etc. If 
tliert^ IH any trouble wllli thtwo poru, the book gj vee you the reasons and tells liow to 
remedy them. 

Tl>e principal conMdt«raUons in tho building of foundations am given with tho size, 
area and weight ruqulml fur Um^ some. oIhu the Hcttbw of templotH and lining up. and 
* a f*omplule aerount of tlw erection and "hreokin^ in" of new unglues In the language 
of the man on the Job. 

Contains HOMial ebapUfw on: 1. Cylindorw. 11. Valves. Id. Piping and Separa¬ 
tors. IV. ThroUb^ and Emergeucy Valviw. V. Platon®. VI. Krtnm*. Vll Bear¬ 
ings. vni. <*oniiei^Ung Hods. iX. HotAtrods X DaslipoU. XI. (igveroors. 
xTl Reloagliui clears. XIU. WrUtplatew and Valve Motions XIV. Rodends and 
Bonoets. Xv. Ollen, XVI. I^*mvors XVII. Foundations XVIII. Enwtlon. 
XIX. Voive-Soltlng. XX. OperaUuo. 2H4 pages. 276 iUustraUous. Price $8 JO 
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STEAM HEATING AND VENTILATION 


PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By 
A. U. Kino. 

Tiib4 U i]w s(4inctarcl anU latm work piihlUhc^l on thn and hat boon 

paivd for ihr um*. of all oiikuk<hJ in Uic* IiuhIih^ah of rtii'ain. Uoi-waior h<vitliiKi utid ventila¬ 
tion. 1 1 an iirlksinal and exhaiiNiivn work TeUx Uuw to at't heat mu cuntractN, )n>w 
to in^Ukil iKuljnu and veniilacitiu apiKiratut. tin* In-Mt iiiisInoK^ nu'tliuds u> hr n^'d. 
with "Trick*. c»f Un* Trado" fur kIiup UiiJi'n and data for if<uinailnu radiation 

and niMi and hucIi tahhs and infurinatnm aMnaki* it an iiHliHiA'iMaldr work fur uvcry- 
one inlitri'Ktod Iti MU‘ain. hut>wati*r h<*aUiiu. aud vimtilatluii It doHcrtlMw all the principal 
KyHbHiiH of MUnin. hoUwaitn*. vtwuurn. va|Mir, and tacuunt'Va|M>r lu«tlnK. lou<*trior 
with Cho uow uixTleratud Kysu^m^i of houwau^ clrrulatioo. mchidliac cliaiiterK on 
u|Hto-daU' mcUiodA uf ventilation atnl the fan or hlowi^r >iyiiu*ni of hi^atlnu and vmitlla- 
tiun. ('unuijnln4( chapu*n» mi: I Intruductlon 11 Heat. III. Kvolutiem of 
artilielal apjKirutus IV. Ihiilrr surface' and mxUnuv. V The ehlmiio duo. 

Vt PliK> and fUtiiiitn. VTl ValvcK. variuuii klndx VIII. Vormx of nullatluu 
jurf>ice?«. IX. Locallnu of radial hiKNUrfaoi'H X. EsiimaMnu JtuJiai ir>n XI HUsam' 
hi'uiinu apintniUH XU K^hiMun^toani heatinu. XUl HoUwaUr hi*atinu XIV. 
I'roKHurr systmnn of hoi-water work. XV llot-waUT appUancHw. XVI tlnvmhouno 
hi^diriu Wtl. VaiMiuiik vaiwr and viu'uuiii exhaiiAi hmt.iiLU XVHI MIseidia* 
h«*athiE. XIX. Uaillauir and pi|M* eomii’rtlniiN XX. Venilbtion .\X1. 
Miv*haiural venlilailon and lad-blast luatinu. XXII Su*»m appllanotsi XXlll. 
Distnrt hralinu. XXIV PIim* ami Iwihf ooverlnu. XXV, Ti‘in|M*raiuri* ft'uulallon 
and h«at eontml. XXVI Hiihim-w mi'thodv. XXV11. MlHvlfamiHM XXVIII. 

Kirkw. lahloji. and uw^fiil InfunnaUou. 6>Sl iwcoa. liOGdi:talk'd onuravinu^ Klfth 

EdlUou—ItoviMjd. Price.. . S4.00 


WHAT IS SA'D OF TllK HOOK 

" T want to sav Uiat your iMiuk la wot li lUi weJukt in uokl to anyono hi I lie hratlnu 
UusiieNK Ah old and cs|KTlimml iui I am inyKolf. I Iuim* uot Mmn* very uchmI poiiitiTH 
oul of il I liAve otiior IhmiWs. ImiI tiK'y don't explain the IlKunnK an plajul) oa Uih 
A. O. iKKik on lleuhiiK —K K Davm. IndumuiNdis. Indiana 

" III Mils iHHik the Hiuhor. a man ol ktrue vxiMTH'itce. pn«i*niK Ike lau«st and Ixvt 
QieilNNlft of ^h^4ru and liul waitv JHulinu J1 will Im' found a handlHK^k of ureat 
value Ui lln* In^tinu oiiuini*«*r. urekiUn hihI others inurt^u^ in entdlnu or urderliig 
work of thlK HaM." --.trrkikr/v ond DuiMr^* Aloifunnr, 


BOO PLAIN ANSWERS TO DIRECT QUESTIONS ON STEAM, HOT-WATER, 
VAPOR AND VACUUM HEATING PRACTICE. By Au'HK.d (J. King. 

ThH work, jiixt off the pfrws. \n arrarupvl in (iinwtlon and answer form. it U inleoded as 
a unkle and b'Xt-ltuok for the younRor. iH^xpencncixl hitnr and oh a referonce Imok tof 
all i It bint. ThW Imok U'Us "hoW' and alio udls "why ” No work of Ue kind has 
over puhlUhed. It oitfweK all the quesUons reuanllnu oath meUiod or syfitocn 
tlini would Im' asked hy st4*am fitter or heathlu rontraetor. and may Im uet^l a^ a 
b'Xt or ntfenniro Imuk, and fur examination c(U(KUons hy Trade Side Nils or Steam 
PilUars* Associations. Itules. data. Uhhw and dcNcrlptlve methods arc ulven. to- 
Kcthur with mnch other detailed Information uf daily praetk*a] use to Ihoec enuaued In 
or iiikTt'sUHl In the various methods uf Inatlof. Vuiuahio to thusti preinrinu for 
euunJnations. Answers oviry quosUoo askixl n^latlnR to oiodorn Stcuni. Hot-Wator, 
Vapor and Vacuum Ih'atInR. Amonu the coiiU'nlx are Tlic Theory and Laws of 
Hoat. Mothodii <if Heating. Chimneys and Plum Hollers for Heatliiff. Doiior 
TrimrnlnUH and SHU runt. RadlaUon. Steam HraUng. Doficr. Kadlaun* and Hpe 
Cotuiectlorw for Huam llcaUnx lloi Water HeaUrw. The Two-l*lpr Gravity 
flyatem of Hot Water IlfwtlnR. The Circuit System of Hot Wat^r Heatlnir fh© 
Overhead Syst4!m t>f Hot Water noatituc Hodrr, Radiator and Piin* Coimectlons for , 
Gravity HyaumM of Hot WaUT lieutlnjc. AenHembMl Hot WaUr Hoafinir Bx- 

C fdiw Tank ('unnectlonx !)uinr«tkr Hoi Water IlnatinR. VaWw and Air Valves. 

iiiim VaiKir and Vocuu-VatKW linailruc. Mm'lianlcoJ SyMtemii uf Vacuum HiuitlnR. 
Nun-Mechanical Vai*uuni HysUniu Vapor SyMtnma AtmuaphuHc and Mudidatlng 
SvateniH. HeaiiiiK GnsmlioiMW Infiuinatkm. RuUm oikI Tal)k« Heeund Kditlun. 
25d pugM. I.t? illiwtratjoua. Octavo. ('kitU. Frieo ... id.&O 

38 












